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PREFACE 


This volume has been prepared to meet a definite need. It is 
intended as a source of information on the composition of actual 
commercial products. This is not a chemical dictionary which 
gives a brief description of all chemical compounds. Many com¬ 
pounds found in such a source arc omitted because not widely and 
readily available. In the case of some materials it may give little 
more information than would be found in such a source. Others 
are of sufficient trade importance to justify detailed description. 
Many products are included such as commercial grades of benzene, 
or compositions of varied iron oxide pigments, which are to be 
found only in manufacturers* publications but which are com¬ 
mercially important. Often the only way to get facts concerning 
such materials has been to obtain directly such information as the 
producer was willing to disclose. Trade information tends toward 
expansion of the original and remarkable properties of the product, 
rather than on its essential composition and method of preparation 
or manufacture. Knowledge of the latter forms a better founda¬ 
tion for judging what a product will do and why, than do advertising 
statements. 

The price-quotation pages of current trade publications have 
been used as the principal criterion of what is sold in sufficient 
quantity to recommend its inclusion. The term chemical is used 
with a very broad meaning and is intended to cover basic materials; 
in many cases these are more or less pure chemical compounds, in 
other cases they are mixtures containing several ingredients. 

The book is designed to give in brief concise form the salient 
facts about any class of materials. Classification is by type of 
com])ound, so that closely related substances will occur in the same 
chapter. This sliould be of value when it is possible for the user 
to make a choice among related substances. Where feasible, rela¬ 
tive cost is indicated, leading to economy in application. Each 
chapter starts with a discussion which gives the reader the general 
background and cliemical nature of that particular group of sub¬ 
stances. This serves as a brief summary of the usual textbook 
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information and also includes facts relating to the commercial 
aspect of the products. Because of the need for brevity, it is not 
an exhaustive text on any one subject but is intended for the prac¬ 
tical man, or for the theoretical man looking for practical informa¬ 
tion. Following the general discussion, the individual products 
are described. The more important ones are given first. Chemicals 
falling in more than one group have been assigned to that believed 
most important. A detailed explanation of the organization of 
the material is given in the last part of chapter I. 

Some technical language has necessarily been used, but the 
attempt has been made either to define terms, or to limit them to 
those familiar to one with an elementary knowledge of inorganic 
and organic chemistry. Equations of reactions have been avoided. 
Chemical formulas are used in order to define composition and 
structure briefly. 

In addition to other data, experience of the staff of Foster D. 
Snell, Inc., in working with commercial chemicals, has been in¬ 
cluded to such a degree as is practicable. 

It is hoped that the chemist will find the book useful as a quick 
source of summarized information about products as a class. We 
feel that such a summary will serve a useful purpose in our own 
laboratory. The terminology and presentation have been made as 
nontechnical as possible in the belief that the book will be useful 
to the manufacturer and others connected with the chemical industry 
who may not have advanced technical training. W e hope this will 
not detract from the usefulness of the book to the chemist who 
wishes to obtain information concerning the numerous commercial 
materials which arc not textbook chemicals. 

The material supplied is intended to answer the question so 
often put to us, “What can I refer to that will give me a brief 
summary of-in commercial terms 

The blank has been filled in, in numerous conversations, with 
such subjects as “plastics,“ “proteins,” “pigments,” etc. With such 
a broad scope, there is necessarily the danger of incompleteness. 
Inaccuracies are bound to creep in, be one ever so careful. Criti¬ 
cisms, suggestions and comments are welcomed. 

Foster Dee Snell 
Cornelia T. Snell 


June 1939 
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CHAPTER I 


INTRODUCTION 

A great volume of chemicals is handled by people without formal 
chemical training. Grade and quality designations must be un- 
derstcxxl in the purchase and use of chemicals, and are accordingly 
explained in the following paragraphs. 

The term C. P. stands for chemically pure. Materials bearing 
this label may be supposed to contain a minimum of impurities, 
hut the term is somewhat general and does not mean specifically 
100 per cent pure. Strictly speaking, no chemical is absolutely 
])ure although the known impurities may be expressed as present 
to the extent of 0.0001 per cent. U.S.P. is an abbreviation for 
United States Pharmacopoeia and when applied to chemicals means 
that they meet the standards given in that publication. Various 
editions of the Pharmacopoeia may be indicated by such references 
as U.S.P. X. When the edition is not specified, U.S.P. XI is meant. 
This is the edition official from June 1, 1936. Many more chemicals 
are available in C.P. and U.S.P. grades than are referred to in this 
book. In general, C.P. grades of reagent chemicals are available 
of all stable materials. Reference to C.P. and U.S.P. grades indi¬ 
cates that such volume is produced as to warrant regular price 
quotation of that grade. N.F. means that the substance meets 
the requirements described in the National Formulary, published 
by the American Pharmaceutical Association. 

The less pure commercial grades will necessarily be discussed 
in many cases. .Some of the terms use<l may be applied to only a 
few substances belonging to a particular type. Some products are 
commonly produced of a quality so close to pure that grading is 
unnecessary. Cane sugar is one example, magnesium sulfate an¬ 
other. Others, particularly natural products rather than those 
manufactured, may in the extreme case contain a major portion of 
impurity, and only a minor percentage of the material named. 

The term technical or technical grade is applied to products 
as they are commonly produced on a large scale. The degree of 
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purity of technical products varies with the individual substances 
and depends on the ease with which contaminants are removed 
during the manufacturing process. Such relative terms as crude 
and refined are also used. A crude grade implies a substance in 
the form in which it is obtained; for example, a vegetable wax in 
its natural state as it is collected from the shrubs producing it. 
Refined substances have undergone treatment to remove at least a 
part of the original contaminants. Many times there are several 
grades of the refined product, particularly where the crude product 
is dark-colored, and the refined light-colored or white. Color itself 
is in some cases a useful designation. Waxes such as ceresin and 
beeswax are sold as white and yellow, the former having been 
bleached to remove the natural color. 

Hydrates may be a source of confusion to the nontechnical user. 
Salts often combine with water chemically to form definite com¬ 
pounds. To illustrate, let us compare soda ash, Na2C03, and 
washing soda, Na2C03,10Ho0. Both are forms of sodium carbon¬ 
ate. The first consists of 100 per cent sodium carbonate, less solid 
impurities. The second, although a solid, consists of 37.1 per cent 
of sodium carbonate and 62.9 per cent of water of hydration. 
The term water of crystallization is often used for this but water 
of hydration is preferred because the former implies incorrectly 
that the water is necessary for the compound to be in crystalline 
form. For chemical use, washing soda could only compete with 
soda ash at a price about one-third as great, which practically would 
never be the case. Salts are sometimes described as anhydrous, 
containing no water of hydration, and sometimes as crystallized. 
In the latter case it means that the salt contains the amount of 
water of hydration which is most common in the trade for that salt. 
For example, crystallized sodium sulfate or Glauber’s salt refers 
to the decahydrate, Na2SO4,10H2O. When the water of hydra¬ 
tion is large and variable, (H20)n is used in the formula. 

The method of preparation of a substance may be significant. 
Two grades of manganese resinate are fused, and precipitated. 
The former is a poorer grade because it contains whatever impuri¬ 
ties were present in the original substances undergoing reaction, 
while the precipitated form is largely separated from soluble con¬ 
taminants. 
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Some compounds are separated from others with which they 
occur by means of a filter press, or by hydraulic pressure. Stearic 
acid is separated from liquid oleic acid by the second method. The 
amount of oleic acid present will be diminished with successive 
pressings, so that triple-pressed stearic acid contains more 
actual stearic acid than single-pressed or double-pressed grades. 

A material which is reduced to a powder by grinding may be 
subsequently classified according to the size of the particles. While 
not always true, such products are normally finer and of a better 
grade when wet-ground than when dry-ground. The fineness 
of a powdered material may be designated by the fineness of a wire 
sieve through which it will pass, such as a grade of barium carbon¬ 
ate in which 99 per cent will pass through a 200-mesh sieve. 
Similarly bentonite is prepared having a degree of fineness such 
that 96 per cent will pass through a 300-mesh sieve. The mesh 
indicates the number of openings to the square inch of the screen 
used. 

Some substances are graded by their content of a particular 
constituent, or of an active principle. Most fertilizer materials are 
classed by their percentage content of ammonia nitrogen, phosphate 
or potash. Commercial tanning extracts are classed by their tannin 
content. 

The concentration of liquids is often expressed in terms of 
specific gravity, the weight of a unit volume as compared with 
that of an equal volume of water. This may be given as such, or 
by some arbitrary scale such as degrees Baume. Phosphoric acid 
may be described as having a concentration of 50 per cent by weight, 
meaning 50 per cent acid and 50 per cent water, which corresponds 
to a specific gravity of 1.347, which is about 36.4® Be. Concentra¬ 
tion described in terms of per cent usually means per cent by weight. 
Alcohol is an exception; the usual concentration of 95 per cent 
refers to 95 per cent by volume. Alcohol has another designation, 
that of proof. This is based on a proof gallon containing 50 per 
cent of alcohol by volume. Therefore 95 per cent alcohol is 190 
proof; absolute alcohol is 100 per cent alcohol, or 200 proof ; 90 per 
cent alcohol, 180 proof. Another liquid which has its own classi¬ 
fication is hydrogen peroxide. This may be described by numerical 
volume. For example, 30 per cent by weight hydrogen peroxide 
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is 100 volume; 3 per cent is 10 volume. This means that a 30 per 
cent solution gives up 100 times its volume of oxygen gas and a 
3 per cent solution gives up 10 times its volume of oxygen gas. 

Volatile liquids may be classified by their distilling range, 
such as 30-60® petroleum ether, which boils or distils between 30 
and 60® C. Volatile inflammable liquids may have their flash 
point listed, the temperature at which the vapor-air mixture 
ignites under definitely controlled conditions. The higher the 
flash point, the less dangerous the liquid is to use, but in general, 
the more slowly it will evaporate. 

Relatively viscous liquids may be described in terms of vis¬ 
cosity. This may be expressed in units of absolute viscosity— 
centipoise, millipoise, etc., as calculated from viscosimeter measure¬ 
ments, or in relative terms, such as the number of seconds required 
for a ball of standard size and weight to fall through a measured 
height of the liquid under specified conditions. The viscosity of 
glue is usually expressed in absolute terms, that of nitrocellulose 
in relative terms. 

Temperatures are given in degrees Centigrade rather than 
Fahrenheit, unless the latter is the practice in a particular trade. A 
table inside the front cover will readily permit conversion when 
the other form is desired. 

Cross references to the numerous names of common sub¬ 
stances have been avoided. The compound can be located through 
the index under any of its special names and a multitude of cross 
references thus avoided. In general, the major classification is by 
the chemical name with trade terms following. The latter because 
of their common usage are often employed in discussion. Many 
obsolete names have been omitted. For identification of such names 
the reader is referred to any unabridged dictionary, the usual chem¬ 
ical dictionaries, and for medical substances, to Merck’s Index. 

Solubility is briefly indicated. If less than one part by weight 
is soluble per 100 parts of solvent, the material is called slightly 
soluble; if soluble at 1 to 10 parts per 100 parts of solvent, mod¬ 
erately soluble; above that, very soluble. When the solubility ap¬ 
proaches or passes one part in one part of solvent it is called ex¬ 
tremely soluble. When two liquids can be mixed in all proportions 
they are referred to as miscible. When referred to only as soluble, 



introduction 


5 


data are lacking or are of doubtful quantitative value. When inor¬ 
ganic salts are said to be soluble in organic solvents, the solvents 
usually refer to alcohol or ether. Figures for solubilities can be 
obtained from tables in chemical handbooks or other sources if 
more specific information is necessary. Suitable references are 
Van Nostrand’s Chemical Annual, The Handbook of Chemisty 
and Physics or, in case more comprehensive data are needed, the 
International Critical Tables. 

Methods cf manufacture are outlined briefly so far as known. 
In many cases more modern procedures may be in use but such 
methods are often not disclosed by the manufacturer. Many com¬ 
panies have methods which are strictly their own and which are not 
known to anyone outside of their personnel. Inclusion of methods 
of manufacture or of the general type of reaction involved, has three 
purposes. The first is to permit chemists to estimate probable im¬ 
purities. A second purpose is to indicate the probable quantity 
produced. For example, one would not want to plan on using a 
ton a day of a material which is a by-product of a relatively unim¬ 
portant industry. The third purpose is to stress to nonchemists the 
interdependence of dififerent phases of the chemical industry. 

Uses are outlined. \\ ith rare exceptions any common chem¬ 
ical has a multitude of uses. Only the major ones have been given and 
the noninclusion of any |xirticular use by no means indicates that 
it is not an inqKjrtant one. It is intended to list sufficient uses to 
be suggestive of possible applications. Any attempt to give an 
inclusive description of the uses of a material becomes too lengthy 
and too vague. To illustrate, one might give as a use for mangan¬ 
ese the flash coloring of brick. Similarly, zinc, and chromite, and 
salt could be so listed. Then the color or colors obtained with each 
should be given. .Such relatively minor uses do not justify the 
space required, nor do uses which seem meaningless unless accom¬ 
panied by a detailed explanation. 

Poisonous properties are stressed only where they exist to 
an extreme degree, such as in cyanides or arsenic compounds. Near¬ 
ly all chemicals are ixiisonous, it being a matter purely of degree. 
For example, sufficient sodium chloride is poisonous although a 
moderate amount is a necessary element in food. The Caustic 
Poison Act is summarized in Appendix A. 
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Hazards in the handling of chemicals are mentioned only in 
unusual cases. The shipping container necessarily carries much 
information on this subject. One might say that a man is safer 
handling a carboy of sulfuric acid than he is driving an automobile, 
because the carboy is marked “Danger—Handle with Care.’' 

Melting points or boiling points are rarely given. It is 
assumed that a person who uses a book such as this will have avail¬ 
able a chemical handbook giving such properties for the pure sub¬ 
stance. Since the chemicals of commerce are seldom pure, the 
exact values for the pure compound would rarely be applicable to 
the commercial product. Such figures, if they appeared here, might 
be confusing rather than helpful. This may seem an important 
omission but has appeared desirable. 

Organization of material is by chapters relating to similar 
products. Thus all sodium salts of inorganic acids are in one chapter, 
strontium salts are a unit part of another chapter, all petroleum 
hydrocarbons are in one chapter and synthetic esters in another. 
Within chapters the organization necessarily varies. Each starts 
with a general discussion of the products included in that chapter. 
This covers their chemical nature and the outstanding character¬ 
istics of the products as a group. Sometimes a general method of 
preparation can be given here which applies to all, as in the case 
of esters. Sometimes special terms are defined, as in the case of 
“edible oil” and “blown oil” in the chapter on fats and oils. 

With inorganic substances the large tonnage materials are those 
from which others are derived and they therefore appear early in 
the chapter. Those compounds closely related in structure are 
together, for example, all other sodium compounds of sulfur ac¬ 
company sodium sulfate. For organic substances the simple com¬ 
pounds are given initially, then more complex ones. Thus the 
simplest organic acid, formic, is followed by acetic, propionic, etc. 
All in the aliphatic class are covered l)efore the aromatic type in 
every instance. With some materials, notably essential oils and 
natural plant products, there is no such basis of organization. There 
similar products are closely associated in the sequence of items. It 
is believed that this results in similar materials being close to each 
other in each chapter, which is the fundamental idea throughout. 
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Under each product the sequence is in general: (1) Name, (2) 
formula, (3) general description, (4) method of manufacture unless 
a general method is included in the introduction to that chapter, 
(5) occasional information about common impurities or contami¬ 
nants when available, (6) commercial grades, and (7) uses. This 
is not necessarily strictly followed but the order serves to facilitate 
quick inspection of data. 

The basis of inclusion of a chemical is its price quotation in 
recognized trade journals. Those checked are Oil, Paint and Drug 
Reporter; Chemical Industries; Industrial and Engineering Chem¬ 
istry ; Chemical and Metallurgical Engineering; The Spice Mill; 
Soap; India Rubber World; and several others. Occasionally a 
material has been included because of its close relation to another 
one quoted. 
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INORGANIC ACIDS 

An acid is commonly defined as a compound wliosc jiositivc 
radical is hydrogen and which gives hydrogen ion when dissolved 
in water. Acids giving a high concentration of hydrogen ion or 
high hydrogen-ion activity, such as hydrochloric, sulfuric and 
nitric acids, are called strong acids. Such acids turn blue litmus 
red, have a sour taste in dilute solution and are corrosive to metals 
such as iron. Others which are still true acids exhibit such a low 
hydrogen-ion activity as to he very unreactive and may even fail 
to turn blue litmus red in dilute solution. Boric or horacic acid is 
an example of a very weak inorganic acid. 

There are also inorganic acids which arc insoluble in water and 
therefore cannot show the reactions of acids in solution. Tungstic 
acid is an example of this. They are classified as acids because they 
combine with bases to form salts. 

The subject of inorganic acids is further confused by the indus¬ 
trial application of the term to anhydrides. Such an anhydride 
is defined as the oxide of the element which, when dissolved in 
water, will form the acid. A typical example is arsenious acid. 
Structurally this is AsoITi, the anhydride of arsenious acid, H^AsOa. 
When dissolved in water the anhydride becomes a weak acid bc’ 
cause it reacts with the water. When commercially classified as 
acids, such coin])ounds arc described as anhydrides, the commercial 
form in which they occur. It must be borne in mind that the pure 
acids may be gaseous, lifjuid or solid and that they are often avail¬ 
able only in aqueous solution rather than in ])urc form. 

In general, acids arc neutralized by ba.ses to form salts. In the 
case of weaker acids this direct reaction is not always possible al¬ 
though the salts may be produced by indirect means. Often acids 
will react with salts of weaker acids to form a salt of the stronger 
acid and liberate the weaker acid. Ilydn^gen is displaced froin the 
stronger acids by the action of strongly electropositive metals such 
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as zinc or iron. From this it will appear that there arc various 
strengths of acids, even differing ty|^s, and that some may not 
even show the usual chemical reactions of acids. Unfortunately the 
matter is as complex as indicated. The uses of the acids often 
overla[) with uses of their salts and this is a further source of con¬ 
flict in classification. 

Many acids form partially neutralized compounds which are 
both acids and salts. Such salts will he considered under that class 
rather than as acids. For example, the classification of the com- 
])ound having the formula NaHS 04 , is ‘‘sodium acid sulfate,not 
“acid sodium sulfate.” 

Sulfuric acid or oil of vitriol, H 2 ‘S 04 , is a heavy colorless liq¬ 
uid when pure. Commercial forms may he brown due to the pres¬ 
ence of impurities, or turhid doe to suspended lead sulfate from 
manufacture or storage in lead containers. Sulfuric acid reacts with 
water very readily to form several hydrates. So much heat is given 
off" that great care must he taken in mixing these two liquids. The 
usual procedure is to add the acid slowly to tlic water with constant 
stirring, l^ccause of this affinity for water, sulfuric acid is used 
widely as a drying and dehydrating agent. Hot concentrated acid 
is a weak oxidizing agent, and finds some use for that purpose. 

Sulfuric acid is relatively nonvolatile and is used to liberate 
more volatile acids from their compounds. As an acid, it is dibasic 
and forms both normal and acid salts, such as Xa 2 S 04 and 
NaHS 04 . It is a moderately strong acid, although not as strong 
as hydrochloric and nitric acids. On heating, the acid largely vola¬ 
tilizes as such, hut some decomposition into water and the anhy¬ 
dride, sulfur trioxide, (K'curs. 

The chamber prcKCss of manufacture, while old, is still the 
cheapest method of manufacture of the usual technical grades. Sul¬ 
fur dioxide is produced by burning pyrites or elementary sulfur. 
W'aste gases high in sulfur dioxide from cojiper and zinc smelters, 
may be purified and used. Sulfur dioxide, air, steam and an oxide 
of nitrogen are conducted into lead-lined chambers. The first re¬ 
action is to form nitrosyl sulfuric acid. This reacts with the steam 
present to form sulfuric acid. The oxide of nitrogen is reduced in 
the jirocess but is reoxidized by air and used over again, with re¬ 
placement of that lost. A modification eliminates the lead chambers, 
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and the entire process is carried out in a series of acid-proof towers 
packed roughly with acid-proof brick or flints, to give a large sur¬ 
face for reacting liquids and gases. Chamber acid ordinarily has a 
concentration of 66 to 80 per cent. It was formerly concentrated by 
heat to over 90 per cent, but this high concentration is now largely 
made by the newer contact process. 

In the contact process for the manufacture of sulfuric acid, 
sulfur dioxide is catalytically oxidized with excess oxygen or air to 
sulfur trioxide, the anhydride of sulfuric acid. This reaction is 
carried out at an optimum temperature of 425-450° C. Suitable 
catalysts are vanadium oxide, selenium or platinum dispersed on 
suitable bases. Since catalysts are easily poisoned and lose their 
efficiency in the presence of impurities such as arsenious oxide, the 
burner gas must be highly purified. The sulfur trioxide vapors are 
led into 98 per cent sulfuric acid, since they would be absorbed only 
very inefficiently in water. More water is constantly added in order 
to keep the concentration of acid at this level. This process has 
the advantages of producing a purer acid than the chamber process, 
and one which can be adjusted to any concentration by adding water 
or absorbing more sulfur trioxide. 

Sulfuric acid is the cheapest liquid acid. For many purposes 
the presence of reasonable amounts of impurities is not a serious 
handicap. Its industrial use is so general that the relative demand 
for it can be taken as an indicator of trade conditions. The volume 
manufactured is such that it is even transmitted by pipe line for 
short distances. Some of its uses are in the manufacture of other 
chemicals such as sulfates and more volatile acids, for the sulfolia¬ 
tion of organic compounds, for pickling iron and steel, in electro¬ 
plating, in metallurgy, in rayon manufacture, in the textile indus¬ 
try, for wax purification, in the manufacture of fatty acids, to neu¬ 
tralize alkalies, as a dehydrating agent, for parchmentizing paper, 
in engraving and lithography, in storage batteries, in petroleum 
refining, and in the manufacture of fertilizers, explosives, etc. Its 
sale is subject to the Cau.stic Poison Act given in Appendix A. 

The C.P. and U.S.P. grades of sulfuric acid usually contain over 
94 per cent of acid. It is sold by its density or sj^cific gravity of 
1.84 and is often referred to as a 98 per cent grade but seldom 
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reaches that concentration. It is commonly called concentrated 
sulfuric acid. 

Technical grades are sold either by degrees Baume or per¬ 
centage of acid. The usual grades are given below in degrees 
Baume with the corresponding specific gravity, percentage of an¬ 
hydrous acid and the factor for calculation of the price per pound. 
To use this factor multiply the quotation per pound for that grade, 
by the factor. 


Be 

Sp.G. 

Percentage 
of Anhydrous 
Acid 

Factor to Calculate 
Cost for 
Anhydrous Acid 

60® 

1.7059 

77.67 

1.29 

66® 

1.8354 

93.19 

1.075 

66.35® 

1.8437 

98 

1.032 


Price comparisons should be based on anhydrous acid when purity, 
concentration and similar factors are not of first importance. An¬ 
hydrous acid is the active material paid for. Other concentrations 
also apj)ear in commerce. The old term “oil of vitriol” generally 
refers to the 66° Be grade. The most common impurities are iron, 
arsenic and lead, and these are substantially absent in acid made 
by the contact process. 

Battery acid is a grade of sulfuric acid especially purified and 
quoted for use in lead-plate storage batteries. It is sold in vary¬ 
ing concentrations from sp. g. 1.2 to 1.835 but quoted on the basis 
of the concentrated grade. It is colorless and practically free from 
iron and other impurities. 

Fuming sulfuric acid or oleum is produced by the contact 
process described under sulfuric acid. It is in effect a commercial 
form of tlie anhydride, sulfur trioxide, SO^, dissolved in sulfuric 
acid. The sulfur trioxide is absorbed in sulfuric acid without add¬ 
ing water to keep down the concentration. It reacts with the sul¬ 
furic acid to form a compound HoS^Ot. Commercial grades con¬ 
tain 20 jier cent and 65 |:>er cent of excess sulfur trioxide. Its use is 
largely as a sulfonating agent in the production of organic com¬ 
pounds. 

Chlorosulfonic acid, SOjClOH, is a colorless to brown fum¬ 
ing liquid of an oily consistency, decomposed by water or alcohol. 
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It is made by passing hydrogen chloride into fuming sulfuric acid, 
or by combining sulfur trioxide and hydrochloric acid. A technical 
grade is sold commercially. It is highy corrosive and because of 
its fuming nature is readily identified, having many of the charac¬ 
teristics of fuming sulfuric acid. It is used in the manufacture of 
organic sulfonic chlorides; for example, in the first step in the 
manufacture of saccharin, toluene is led into an excess of chloro- 
sulfonic acid, which gives a mixture of liquid toluene-o-sulfonic 
chloride and solid toluene-/>-sulfonic chloride. Other derivatives 
are used as dye intermediates. Chlorosulfonic acid has been used 
in the preparation of poisonous war gases. 

Sulfurous acid, HoSOa, is seldom an article of commerce but 
easily prepared as a solution of sulfur dioxide in water. It acts 
as a very weak acid and is mainly used as a reducing agent or 
bleaching material. Sulfur dioxide, the anhydride, is sold in liquid 
form in pressure cylinders and released by a suitable reducing valve. 

Hydrochloric acid, muriatic acid, or chlorohydric acid, HCl, 
is an aqueous solution of the colorless gas hydrogen chloride. The 
solution fumes unless very dilute. The gas is also soluble in al¬ 
cohol or ether. The term muriatic acid is commonly used com¬ 
mercially. An ancient name occasionally encountered is spirits 
of salt. As an acid, it is one of the strongest known, nitric acid 
being about equal to it in strength, and sulfuric acid somewhat less 
strong. It attacks the skin after brief exposure. Hydrochloric 
acid was formerly produced principally by the action of concen¬ 
trated sulfuric acid on common salt. Hydrogen chloride is evolved 
and absorbed in water. The process was carried out in large iron 
pans, with the exclusion of air as far as possible from the gas pro¬ 
duced. It is a by-product in direct chlorination of benzene or any 
other saturated organic hydrocarbon. The purest quality is pro¬ 
duced by burning hydrogen in an atmosphere of chlorine or combin¬ 
ing hydrogen and chlorine in the presence of a catalyst. The com¬ 
mon impurities in the cheaper grades are iron, sulfuric acid and 
arsenic. 

The C.P. and U.S.P. grades are a constant-boiling mixture with 
water, having a sj^ecific gravity of 1.19 and containing about 37 
per cent of acid. Its volatile nature gives the acid a sharp odor. 
Commercial grades are usually expressed in degrees Baume and 
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are given below with the corresponding specific gravity, percentage 
of anhydrous acid and the factor for calculation of the price per 
pound of anhydrous acid. To use this, multiply the quotation per 
pound for that grade, by the factor. 


Be 

Sp.G. 

Percentage 
of Anhydrous 
Acid 

Factor to Calculate 
Cost of 

Anhydrous Acid 

18° 

1.1417 

27.92 

3.58 

20° 

1.1600 

31.45 

3.18 

22° 

1.1789 

35.21 

2.84 

23° or C.P. 

1.188S 

37.14 

2.70 


As an inexpensive and strong acid, hydrochloric acid is used 
for almost any of the purposes where a nonoxidizing acid is desired. 
Sulfuric acid is cheaper on a per pound basis and on a basis of acid 
units. As an active acid hydrochloric acid dissolves metallic oxides 
readily and therefore is used in metal cleaning. Its sale is subject 
to the Caustic Poison Act, given in Appendix A. 

Hydrochloric and nitric acids are sometimes mixed, usually in 
the proportion of three to one, to form aqua regia. The two acids 
react to form some free chlorine and oxides of nitrogen. Because 
of the products of reaction it is a powerful oxidizing agent and will 
dissolve gold and platinum, although neither acid alone will dissolve 
these metals. This is of more importance in the laboratory than in 
industry. 

Hydrofluoric acid, HF, is an aqueous solution of the gas 
hydrogen fluoride. The gas itself is readily condensed to a liquid 
boiling at 19.4° C., but is sold as the aqueous solution rather than 
as the anhydrous liquid. It is corrosive in contact with the skin, 
and the solution fumes unless dilute. Its chief importance relates 
to its reaction with silica or sand, and with silicates, when it pro¬ 
duces a gas, silicon tetrafluoride, SiF 4 . Because of this reaction 
with silicates, it attacks glass and must be stored in paraffin-coated 
bottles, in lead, or in rubber containers. The aqueous solution is 
produced by treating powdered calcium fluoride with concentrated 
sulfuric acid, distilling the mixture in a retort of platinum or lead, 
and absorbing the gas in water. In addition to a C.P. grade con¬ 
taining about 48 per cent of acid there are technical grades contain¬ 
ing 30, 48, 52 and 60 per cent of the acid, marketed in lead carboys. 
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Hydrofluoric acid is used in the manufacture of fluorides and 
other chemicals and as an analytical reagent. In the manufacture 
of analytical-grade filter paper it is used to remove the silica. Other 
uses are for removing sand particles from metallic castings, and for 
etching glassware, such as marking calibrations on chemical glass¬ 
ware. 

Hydrofluosilicic acid, silicofluoric acid, hydrosilicofluoric 
acid, hydrofluosilicic acid or sand acid, HoSiFc. is a corrosive, 
colorless, fuming liquid which attacks the skin. It is made by heating 
sand with powdered calcium fluoride and sulfuric acid in excess, dis¬ 
tilling, and absorbing the gas in water. Another source is from gases 
produced in phosphate manufacture. A 30-35 per cent grade is 
sold. It is used mainly for production of its salts, which have 
varied uses. 

Hydrobromic acid, HBr, is a colorless aqueous solution of 
the gas, hydrogen bromide, which is also solul)le in alcohol. 
The solutions fume except in dilute solution. It is an active re¬ 
ducing agent but not as active as hydriodic acid. It is quite cor¬ 
rosive to the skin. Hydrobromic acid is manufactured by passing 
a mixture of hydrogen and bromine vapor over a heated platinum 
catalyst, and absorbing the gas produced in water. The C.P. grade 
contains 48 per cent of acid and the U.S.P. grade 10 per cent. The 
latter refers to standards of U.S.P. VIH. A commercial grade 
contains 34 per cent of acid. It is relatively expensive. Uses are 
limited to synthetic organic chemistry for production of organic 
bromides, as a reducing agent, and for the production of inorganic 
bromides. 

Hydroiodic or hydriodic acid, HI, is an aqueous solution of 
hydrogen iodide. This is a gas at ordinary temperatures, ex¬ 
tremely soluble in water and soluble in alcohol. The aqueous solu¬ 
tion is colorless to pale yellow and fumes in the air unless very 
dilute. It is a very active reducing agent, being readily oxidized to 
free iodine. Atmospheric oxygen will oxidize the solution slowly, 
so that if exposed to the air, hydriodic acid gradually becomes brown 
due to the presence of free iodine. The gas is produced by mixing 
red phosphorus and iodine and adding a minimum amount of water 
slowly. To prepare the solution, powdered iodine is suspended in 
water and hydrogen sulfide gas introduced. In this process the 
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iodine dissolves slowly in the water and is reduced to hydriodic 
acid, while hydrogen sulfide is oxidized to tree sulfur. The latter is 
separated by filtration. Another method of preparation is by 
passing a mixture of hydrogen and iodine vaix)r over a heated 
platinum catalyst and absorbing the product in water. 

Because of its instability it is not obtainable in a C.P. grade. 
Commercial grades contain 47 per cent and 57 per cent of the acid. 
A U.S.P. grade contains 9.5-10.5 per cent of the acid and 0.6-1.0 
per cent of hypophosphorous acid. The latter is obtained by dis¬ 
tillation to give a constant-boiling liquid. The use of the material 
is limited because it is relatively expensive. Uses are for the 
preparation of inorganic and organic iodides, as a reducing agent, 
as a disinfectant, and in pharmaceuticals. 

Hydrocyanic acid, or prussic acid, HCN, is an aqueous solu¬ 
tion of the gas hydrogen cyanide. The gas is very soluble in 
alcohol or ether. The solution is an extremely weak acid, being 
displaced by carbonic acid, which is stronger. Both the solution 
and the gas are highly j)oisonous. The acid is produced by distilling 
a concentrated solution of potassium or sodium cyanide with dilute 
sulfuric acid and absorbing the vapors in water. The so-called 
U.S.P. grade, a 2 per cent solution, is U.S.P. IX. Technical 
solutions containing 5 per cent and 10 per cent of acid arc sold. 
The gas, compressed into cylinders, is also marketed. The solu¬ 
tions find use mainly in organic synthesis. The gas is in widespread 
use as a fumigant in spite of the danger of its poisoning humans. 
In many ways hydrocyanic acid is closely related to the halogen 
acids but its commercial use is strictly limited by its highly poison¬ 
ous nature. 

Nitric acid, aqua fortis, or azotic acid, HNO3, is a colorless 
liquid which is both a strong acid in aqueous solution and an active 
oxidizing agent. Commercially the aqueous solution is always 
used. In concentrated form, it fumes in the air. The yellow color 
often observed in concentrated nitric acid is due to the presence of 
the gas nitrogen tetroxide, NO2 or N2O4, which is reddish brown 
and which results from the decomposition of nitric acid. The an¬ 
hydride of nitric acid, NoOs, is only obtainable in solution in nitric 
acid as the so-called fuming nitric acid. Concentrated nitric 
acid attacks most metals, reacts with the proteins of the skin to 
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form yellow xanthoproteic acids and is extremely corrosive in 
contact with the skin. 

The oldest commercial method of production is by the distilla¬ 
tion of a mixture of Chile saltpeter, NaNOa, with an excess of 
concentrated sulfuric acid in horizontal cast-iron stills. The vapors 
are condensed in a series of stoneware receptacles. This method 
tends to include all of the volatile impurities of the saltpeter in the 
acid. Salt cake or sodium bisulfate is a by-product. A more 
modern process is by the catalytic oxidation of ammonia, which 
is mixed with air or oxygen and passed over a catalyst, usually of 
platinum, at an elevated temperature. The ammonia is oxidized 
first to a lower oxide of nitrogen, which in turn reacts with the 
excess oxygen present to form higher oxides, which are absorbed 
in water to yield dilute nitric acid. The product is purer than in 
the first process but has to be concentrated after manufacture. Still 
another method is by the direct oxidation of nitrogen in the atmos¬ 
phere, called nitrogen fixation. An arc discharge between carbon 
rods is spread out by means of electromagnets and air passed 
through. About 1 per cent of nitric oxide, NO, is formed. On 
cooling, this unites with oxygen and the higher oxide is absorbed 
in water to give nitric acid. 

The CP, grade contains about 70 per cent of nitric acid and 
has a specific gravity of about 1.42. This grade is also U.S.P. 
Commercial grades are sold by Baume readings. The various 
grades are given below with their corresponding specific gravities, 
content of actual nitric acid, and a factor for multiplication of 
the price per pound to permit calculation in terms of anhydrous 
acid. Yellow nitric acid of a given grade sells for slightly less than 
colorless acid of the same concentration. 


Be 

Sp.G. 

Percentage 
of Anhydrous 
Nitric Acid 

Factor to Calculate 
Price to That for 
Anhydrous Acid 

36 ^ 

1.3303 

52.30 

1.92 

38° 

1.3551 

56.52 

1.77 

40° 

1.3810 

61.38 

1.63 

42° 

1.4078 

67.18 

1.49 

42.75° 

1.4181 

69.52 

1.44 
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Nitric acid is the cheap oxidizing acid, if we except some appli¬ 
cations in which sulfuric acid serves as an oxidizing agent. Its 
uses are multitudinous. The oxides derived from it form nitro- 
sylsulfuric acid, which is the catalyst in the chamber process of 
manufacture of sulfuric acid. It is used in the production of or¬ 
ganic nitro compounds, as well as many inorganic nitrates. With 
sulfuric acid it is used in making nitrocellulose, which is the basis of 
celluloid and lacquer manufacture, and in making the higher ni¬ 
trated product, gun-cotton, used in the manufacture of explosives. 
Since it attacks nearly all metals except aluminum it is used for 
etching and photoengraving. Its sale is subject to the Caustic 
Poison Act, given in Appendix A. 

Phosphoric acid or orthophosphoric acid, H3PO4, is a color¬ 
less liquid. It is tribasic but dissociates principally into the ions 
H+ and H0PO4”. Dissociation of the H 2 P 04 “ ion into and 
HP 04 = is relatively slight. The ion HP 04 '= is hardly dissociated 
at all. This may be explained in other terms by saying that the 
monosodium salt is only slightly acid, the disodium salt slightly 
basic and the trisodium salt strongly basic, these reactions being 
in each case due to hydrolysis. As an acid it is considerably 
weaker than hydrochloric and sulfuric acids but it is much stronger 
than such weak acids as acetic and boric. 

The anhydride, phosphorus pentoxide, P^On, is a white solid. 
It absorbs water readily to form phosphoric acid but is not used as 
such for making the acid. Its main function is as a strong dehy¬ 
drating agent. 

A technical grade of phosphoric acid is made by mixing phos¬ 
phate rock, which is high in calcium phosphate, with sulfuric acid, 
heating with steam and stirring. Calcium sulfate is precipitated 
and filtered off. The filtrate is high in phosphoric acid. Pure 
phosphoric acid may be made by boiling red phosphorus with slightly 
diluted nitric acid and evaporating off water and excess nitric acid. 
The process which is probably most important in the manufacture 
of the acid is more complicated in operation. Phosphate rock is 
smelted with coke to give vapors of phosphorus. In contact wdth 
air these are oxidized to the anhydride, phosphorus |>entoxide, 
which is not separated as such. Instead, the vapors containing an¬ 
hydride arc mixed with steam and the resulting phosphoric acid 
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condensed in suitable corrosion-resistant tubes, usually made of 
carbon. Since this gives an acid substantially free from all non¬ 
volatile impurities, competitive conditions have resulted in the 
development of methods of purification of the acid from the older 
process by volatilization. 

The usual C.P. grade contains 85 per cent of phosphoric acid 
and is syrupy in consistency. U.S.P. grades are sold at 10, 50 and 
85 per cent concentrations, of which the 50 per cent grade is 
U.S.P. X. Technical grades are 50 and 75 per cent concentra¬ 
tions. 

The major uses of phosphoric acid are in the form of its salts. 
The acid is used to make various phosphates, as a substitute for 
organic acids in foods and soft drinks—in engraving and in lith¬ 
ography. The mono substituted salts are also used for many of 
these purposes and as the acid ingredient in baking powder. 

Hypophosphorous acid, H.-^POo, is a white crystalline solid 
which melts at 26.5° C. It is used in aqueous solution and is a 
powerful reducing agent. It is produced by heating an alkali, 
usually concentrated baryta water, with white phosphorus, and 
decomposing the resulting barium salt with sulfuric acid. A 30-32 
per cent U.S.P. grade is sold. Its use is a strong reducing agent. 

Mixed acid is a commercial product which is a mixture of 
sulfuric and nitric acids. Various proportions may be obtained ac¬ 
cording to the requirements of the purchaser, so that it is quoted as 
so much per nitric unit and so much per sulfuric unit. Standard 
mixed acid contains 36 per cent of concentrated nitric and 61 per 
cent of concentrated sulfuric acid. Mixed acid is used for nitrating 
purposes such as in producing nitrated cotton. The presence of 
sulfuric acid increases the efficiency of nitration by absorbing the 
water which is a product of the nitration reaction. 

Arsenic acid or orthoarsenic acid, H;iAs 04 , crystallizes as 
a hydrated deliquescent white solid, 2 H 3 As 04 ,H 20 , soluble in 
water and alkalies. It is produced commercially from white ar¬ 
senic, which is AsoOa, the anhydride of arsenious acid, by digestion 
with oxidizing agents. The oxidizing agent used is usually 12 
parts of nitric acid and 1 part of hydrochloric acid. The anhy¬ 
dride of arsenic acid, AsoOr,, does not occur as an article of 
commerce. The acid is sold in varying grades of purity, a 75 per 
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cent grade being a common one. It is used in the manufacture 
of arsenates, glass and insecticides, and in the textile industry as an 
assist in printing. All water- and acid-soluble compounds of ar¬ 
senic are poisonous, including this one. 

Arsenious acid, arsenic trioxide, arsenious oxide, arsenious 
anhydride, or white arsenic, AS 2 O 3 , is an anhydride which, dis¬ 
solved in water, reacts as HaAsOg. It is only slightly soluble in 
cold water but more soluble in hot water, alkalies, alkaline car¬ 
bonates, alcohol and some dilute acids. It occurs naturally in 
mineral form and is also recovered from arsenical pyrites by subli¬ 
mation. It is largely imported from Japan and the Scandinavian 
countries. The usual commercial form is as a fine white powder. 
The U.S.P. grade contains not less than 99.8 per cent of AS 2 O 3 . It 
is used as a reducing agent as in the manufacture of glass, for the 
production of arsenic acid, in the production of pigments, and in 
numerous products for its insecticidal action. It is an inexpensive 
form of poison, when applicable. 

Chromic acid, H 2 Cr 04 , is handled in the form of chromic an¬ 
hydride, CrOg, which consists of red, deliquescent, needle- 
shaped crystals. Chromic acid may be obtained electrolytically, or by 
the addition of sodium bichromate to concentrated sulfuric acid. The 
crystals may be seen to precipitate out from “cleaning solution’* 
as prepared by the chemist. An aqueous solution of the anhydride 
is a solution of chromic acid. 

The anhydride is sold as a U.S.P. grade containing not less 
than 95 per cent of CrO.g, as a C.P. grade, and as a technical grade 
containing over 99 per cent of CrOg, sometimes quoted as 99 J '4 
per cent. Because of requirements as to minor impurities in such 
industries as chromium plating there are also special grades. The 
acid is destructive of living tissue and must be handled with care. 
Since it is a strong oxidizing agent it is used for that purpose in 
organic synthesis. Other uses of the acid are in electric cells, in 
engraving, and as an astringent and germicide. The acid may be 
used for the manufacture of chromates. In low concentrations 
the acid and its salts are used as corrosion inhibitors in aqueous 
solutions, as in ice-plant brines. 

Boric acid, boracic acid or orthoboric acid, H3BO3, is a white 
solid, slightly soluble in cold water but readily soluble in hot water. 
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It is slightly soluble in ether and soluble in alcohol and glycerine. 
Boric acid is a very feeble acid, weaker than carbonic acid. It 
occurs naturally in Tuscany, where it is emitted with steam and 
other vapors from cracks and fissures in the earth. A series of 
basins is constructed over the vents so as to permit the passage of 
water through them by gravity. The dilute solution of boric acid 
obtained is concentrated by evaporation of the water, and in the 
final stage crystals of the solid separate. Boric acid is also obtained 
from a mineral called boronatrocalcite by treatment with sulfuric 
acid, followed by evaporation of the solution and distillation with 
steam. Another mineral, boracite, is decomposed with hot hydro¬ 
chloric acid to give boric acid. The C.P. and U.S.P. grades are 
sold in crystalline or powdered form, the U.S.P. containing not 
less than 99.5 per cent H 3 BO 3 . A technical grade containing 99.5 
per cent of boric acid is sold in the same forms. 

Boric acid is known as an antiseptic, but its antiseptic proper¬ 
ties are very limited. It is only slightly soluble in water. Its 
saturated aqueous solution is useful as an eye-wash because it is 
nonirritating. It has been used as a food preservative, but this use 
is now forbidden in many countries, including the United States. 
Industrial applications are in ceramic glazes, as an addition to 
cement when a very smooth finish is desired, in laundry starch for 
glazing purposes, in imitation jewels, in metallurgy, as a welding 
flux, in fireproofing compositions, pigments, paper glazes, to make 
imitation hard wood from soft wood, and in cosmetics. The best 
known grade of chemically resistant glass, Pyrex, is a borosilicate. 

Carbonic acid, H 2 CO 3 , is the aqueous solution of carbon 
dioxide, CO 2 , which is the anhydride of the acid. The anhydride is 
only slightly soluble in water or alcohol but more soluble in alkalies 
to form carbonates. The acid is not sold as such and is only referred 
to here because of its relation to other acids. Gaseous carbon diox¬ 
ide is a commercial product either in the form of compressed gas 
in cylinders, or as the solid known as dry ice. The latter form 
is not stable for storage, as it gives off carbon dioxide gas directly 
without going through a liquid state, until the solid has disappeared. 
As an acid carbonic acid ionizes slightly to give H+ and HCOa"' 
ions. The latter is scarcely ionized at all. It therefore forms two 
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series of salts of which sodium carbonate and sodium bicarbonate 
are typical. 

Tungstic acid, wolframic acid, or orthotungstic acid, 

H 2 WO 4 , is a yellow solid sold in powdered form. It is insoluble in 
water but soluble in hydrofluoric acid and alkalies. For production, 
it is precipitated from a solution of sodium tungstate by boiling hy¬ 
drochloric acid. Another method of preparation is by decomposition 
of an ore containing calcium tungstate, with hydrochloric acid. 
Calcium chloride goes into solution and tungstic acid and insoluble 
impurities remain as a sludge. It is purified by dissolving in aqueous 
ammonia, filtering and decomposing with hydrochloric acid, or by 
igniting in air to tungstic oxide, WOa. C.P. and technical grades 
are sold for use as a mordant in the textile industry, in plastics and 
for production of tungsten wire by reduction of the oxide. 

Vanadic acid is not a commercial substance but the term is 
used to refer to vanadium pentoxide, V2O5, the anhydride of the 
theoretical acid. Vanadium pentoxide exists as yellowish red 
crystals. It is made by igniting ammonium metavanadate, 
NH4VO3. It is only slightly soluble in water but dissolves in al¬ 
kalies to form vanadates, and in acids such as sulfuric acid to form 
the sulfate, (V 0 ) 2 (S 04 ) 3 . It is used as a ceramic coloring ma¬ 
terial, as a catalyst, and as a starting material for making other 
vanadium salts. 
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BASES OR ALKALIES 

Base is a general term for compounds which give hydroxyl 
ion in aqueous solution. A strong base, one which gives a high 
concentration of hydroyxl ion, is frequently referred to as an 
alkali. By usage either alkalies or bases are general terms for 
those substances which neutralize acids. 

Strong alkalies are described as caustic, because they attack 
animal matter. They dissolve some forms completely, such as 
wool and the epidermis of the skin. The term caustic is occasionally 
used, particularly in medicine, as meaning anything which will 
attack the skin. In that sense, strong acids are referred to as 
caustic in their action; this use is the less common. Weak bases 
give a low concentration of hydroxyl ion and are therefore less 
active in the properties which distinguish this group of chemicals 
as a class. Bases react with acids to form salts plus water, the 
well known process of neutralization. Bases dissolve many acid 
substances not soluble in water, by reacting to form a soluble salt. 

Glass and porcelain are slowly attacked by concentrated solu¬ 
tions of alkalies and even to some extent by dilute solutions. In 
time tlierefore, the surface of glass in contact with an alkali be¬ 
comes roughened or etched. This action is too slow to be used 
commercially for etching but is important in the storage of alkalies 
in glass. 

Salts of strong bases and weak acids hydrolyze in water to give 
a strongly alkaline solution. They are not discussed with alkalies 
or bases but are described under their proper classification as salts. 
For those of importance see sodium carbonate, sodium phosphate, 
sodium silicate, sodium bicarbonate and sodium borate. Weak 
hydroxides of many metals react with acids to produce salts but 
are not used industrially as alkalies. 

In the case of ammonia, a gas, which is not itself a base, reacts 
with water to form one. Similarly, since calcium oxide and barium 
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oxide react with water to form the hydroxides, the oxides as well 
as the hydroxides will be considered with the alkalies. 

Sodium hydroxide, caustic soda, or sodium hydrate, NaOH, 
is a white deliquescent solid. Its aqueous solution is strongly 
alkaline. The solubility in water is so great that a solution can 
be prepared containing over 50 per cent of the alkali. It is also 
soluble in alcohol, ether and glycerine. In some industries the 
aqueous solution is called lye, or soda lye. The household 
product sold under the name of lye is caustic soda. 

Caustic soda is manufactured from other sodium compounds. 
One method starts with sodium carbonate, Na2C08, soda ash. 
This is treated in solution with slaked lime. The two react to 
form caustic soda solution and calcium carbonate. The latter is 
insoluble and precipitates. Large settling tanks are necessary, as 
the precipitation of calcium carbonate is slow. The supernatant 
liquid is drawn off from these tanks and partially evaporated to 
separate impurities, sodium carbonate being considered an impurity 
when the product desired is caustic soda. Other common impuri¬ 
ties are alumina, iron and silica. This solution may be further 
concentrated for use as such in the process industries, or all of 
the water may be driven off and the molten caustic converted to a 
suitable solid form. 

The major method of manufacture is by electrolysis. A satur¬ 
ated solution of common salt passes through an electrolytic cell. 
When the electric current is on, the sodium ions go to the cathode, 
where they are reduced to metallic sodium. This immediately 
reacts with the water to form hydrogen and sodium hydroxide. The 
hydrogen is collected as a gas, while the sodium hydroxide remains 
in solution. The chloride ions from the salt migrate to the anode 
where they lose their charge and form chlorine gas which is collected. 
Water is driven off from the solution of caustic soda and the white 
solid product obtained. In this process the main contaminating 
agent is sodium chloride. A very pure product can be obtained. 
It is interesting to note that the by-products of this process are 
hydrogen and chlorine. These may be combined catalytically to 
form hydrochloric acid and the process has then the net result of 
converting common salt into the acid and base which would react 
to produce it. More commonly the chlorine is sold as such. This 
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is of economic importance as showing the close interdependence of 
caustic-soda and chlorine production. Demand for the two must 
be closely balanced or warehouse stocks of one or the other begin 
to build up. 

Caustic soda reaches the market in varied forms. Analytical 
grades appear most commonly as sticks crystallized from alcohol, 
also as pellets and flakes. Caustic soda takes up both water and 
carbon dioxide from the air, so must be kept in closed containers 
or it will deteriorate rapidly. Protection from air is important, as 
some sodium carbonate is practically always formed. The U.S.P. 
grade contains not less than 95 per cent of total alkali calculated as 
sodium hydroxide, of which not more than 3 per cent is sodium 
carlx)nate. The fact that sodium carbonate is insoluble in a sat¬ 
urated solution of sodium hydroxide is used in the preparation of 
solutions free from carbonate. Iron and alumina are also insoluble. 
Commercial forms are as powder, flake, lump or liquid. The solid 
caustic has usually been allowed to solidify in a destructible con¬ 
tainer such as a thin metal drum. Therefore usual practice is to 
cut away this container when the material is needed for use. Quo¬ 
tations are on a basis of sodium oxide equivalent. The standard 
grade is 76 per cent Na20 which corresponds to 98 per cent of 
caustic soda. A 60 per cent grade is sometimes quoted. The liquid 
caustic is a concentrated solution sold at a competitive price per 
unit of caustic soda content because of a differential freight rate. 
Solutions are sold as 47-49 per cent and 70 per cent grades, and 
refer to actual sodium hydroxide content. Prices are often quoted 
on a basis of method of preparation such as ‘‘ammonia process” 
caustic, meaning that it has been produced froiti sodium carbonate 
which was in turn produced by the ammonia process—or as “elec¬ 
trolytic.” 

Caustic soda has an important use in converting cellulose to 
alkali cellulose, the first step in the production of rayon. An even 
greater amount is used in the manufacture of soap. Ordinary or 
hard soap consists of the sodium salt of fatty acids. Mercerized 
cotton is produced by the controlled action of caustic soda solution 
on cotton. The surface of the fiber is partially dissolved and re¬ 
precipitated to give the glossy finish. The textile industry uses 
caustic soda in many other ways. It is also used extensively by 
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the paper industry, in oil refining, and as a chemical reagent. The 
rubber industry, tanning, and numerous other fields utilize it to 
a lesser degree. It is the strong alkali generally used in industry 
when a water-soluble alkali is essential. Its sale is subject to the 
Caustic Poison Act, given in Appendix A. 

Potassium hydroxide, caustic potash, or potassium hydrate, 
KOH, is a strong alkali very similar in proi:)erties to caustic soda, 
including caustic action on the skin. The two are interchangeable 
where the application is merely that of a strong alkali. Caustic 
])otash is more expensive than caustic soda and is therefore used 
less for general purposes. Also caustic potash is less efficient than 
caustic soda as a neutralizing agent in a ratio of 1.4 jwts of the 
former to 1.0 of the latter. Caustic potash must be differentiated 
from caustic soda when the alkali metal enters into the end-product 
of the reaction, as in the saponification of fat. The potassium salt 
of fatty acids, called potash soap or soft soap, is very different in 
its physical properties from sodium soap or hard soap. Like caustic 
soda, caustic potash readily takes up water and carbon dioxide from 
the air and must be protected from contact with air. 

The methods of manufacture are the same as those for caustic 
soda, the double decomposition of potassium carbonate with cal¬ 
cium hydroxide and the electrolysis of potassium chloride solution. 
The usual contaminants are potassium carbonate, potassium chloride 
and excess water. Caustic potash may also be contaminated with 
alumina, iron, silica and sulfates. 

As with caustic soda, a stick form of C.P. or U.S.P. grade is 
sold. The U.S.P. grade contains not less than 85 per cent of total 
alkali, calculated as potassium hydroxide, of which not more thafi 
3.5 ])er cent is potassium carbonate. Technical grades are flake 
or solid, at 88-92 per cent of alkali, calculated as potassium hy¬ 
droxide. Both domestic and imported grades are available. A 
concentrated solution in water is sold with a content of 45 per cent 
of caustic potash. Major uses are in the production of soft soaps 
and lubricants, in engraving and lithography, and for manufacture 
of potassium compounds. Its sale is subject to the Caustic Poison 
Act, given in Appendix A. 

Ammonia, NH 3 , when dissolved in water reacts in part to 
form ammonium hydroxide, or ammonium hydrate, NH4OH. 
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The three terms are applied loosely to the solution, which is in fact 
a mixture of ammonium hydroxide and dissolved ammonia gas. 
The solution is also called aqua ammonia or ammonia water. 
In a somewhat modified form, usually containing a small amount 
of soap, it is sold as household ammonia. Ammonium hydroxide 
is a weak base compared with the foregoing alkalies. It is char¬ 
acterized by its strong, penetrating odor which is that of escaping 
ammonia gas. Ammonium hydroxide can be completely decom¬ 
posed and driven from aqueous solution in the form of ammonia 
by boiling. The solution must be handled with care because of its 
attack on the skin, although this is less serious than that by caustic 
soda or caustic potash solution. 

Liquid ammonia, as distinguished from the aqueous solu¬ 
tion, boils at —33.35® C., giving off anhydrous ammonia gas, 
which is not only very soluble in water but is also soluble in alcohol 
or ether. While ammonia is produced by the bacterial decomposi¬ 
tion of protein matter, this source is of no commercial importance. 
Large amounts are formed as by-products of the coke and gas indus- 
^tries, coming into the market usually as impure ammonium sulfate. 
The salt may be decomposed with slaked lime to liberate ammonia. 
This source furnishes more than half the world supply of free and 
combined ammonia. While the aggregate amount from that source 
is increasing as more by-product recovery processes are put into 
operation, the relative amount is decreasing. 

The main source of ammonia as the gas or liquid, and an im¬ 
portant source of ammonium salts, is by synthetic manufacture. 
Such direct synthesis was the goal of the chemist for many years. 
This became commercially successful about the time of the World 
War and increase in its use has been enormous since that time. 
This is not because the world is using so much more ammonia as 
such, but because the world supply of nitric acid is now largely 
furnished by oxidation of ammonia instead of by distillation from 
Chile nitrates. In the synthetic process nitrogen from air lique¬ 
faction or from other sources, and hydrogen from water-gas or 
producer-gas, are caused to combine directly at increased tempera¬ 
tures and pressures in the presence of a catalyst. The latter is 
usually iron. The Haber process uses 200 atmospheres* and the 
Oaude process 1000 atmospheres' pressure. The temperature is 
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about 600° C., since much below this, the reaction is very slow and 
much above it the reverse reaction takes place. The process yields 
pure ammonia without by-products. The ammonia is separated 
from unreacted nitrogen and hydrogen by cooling until the am¬ 
monia liquefies, or by absorption of the ammonia in water. 

Another process, but one which has become unimportant as a 
source of ammonia, is by forming calcium cyanamide by heating 
coke and limestone together, and subsequently decomposing the 
cyanamide with superheated steam under pressure. 

While the international economic value of ammonia cannot be 
discussed in detail, some mention is essential. Because ammonia 
can l)e converted into nitric acid and then into explosives, a theory 
of economic self-sufficiency in fixed-nitrogen production led to a 
large overexpansion in synthetic-ammonia capacity in the late 
1920s. As a result of governmental pressure to support such plants, 
the methods have been refined to such a degree that, provided 
suitable equipment is available, ammonia is at present the cheapest 
neutralizing agent except lime. For this to apply, it must be bought 
as liquid ammonia, not an aqueous solution, and released through 
suitable reducing valves so that it can be efficiently absorbed in 
water and used. The following figures are the cost per pound in 
1937, of various alkalies calculated to a basis of sodium hydroxide 
as a standard. Little relative change is to be expected for some 
years. 

Relative Cost of 
Amount Equivalent 
to 1 Pound of 
Caustic Soda 


Caustic soda . 1 

Caustic potash . 3.25 

Ammonia . 0.64 

Lime . 0.17 


Ammonia of various grades is sold in liquid form in cylinders. 
These cylinders include tank cars, which are in effect single large 
cylinders on wheels. The fertilizer grade is cheapest, that for re¬ 
frigeration is only slightly higher, but pure grades are much more 
expensive. As C.P. or U.S.P. aqua ammonia the aqueous solution 
is sold at 28-29 per cent concentration. The U.S.P. grade contains 
9-10 grams of ammonia per 100 cc. of solution but the 28-29 
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cent grade is quoted as of U.S.P. quality. The commercial solution 
is a 26*" Be grade, about sp.g. 0.9, containing 29.4 per cent of am¬ 
monia gas. This is handled in carboys, drums, tanks or tankwagons. 
The cost of the aqueous solution is much higher than that of anhy¬ 
drous ammonia because of the expense of additional containers and 
transportation of the water fraction. Its sale is subject to the 
Caustic Poison Act, given in Apj^endix A. 

Liquid ammonia is largely used as a refrigerant. To a lesser 
extent it finds use in organic synthesis. The solution, aqua am¬ 
monia, has a multitude of uses in the manufacture of resins, rayon, 
rubber, etc., as well as in the manufacture of ammonium salts. 

Nitrogen solution is a trade term for a mixture of 60 parts of 
ammonium nitrate and 40 parts of 50 per cent aqua ammonia. It 
is a solution containing the equivalent of 45J/2 per cent of ammonia, 
sold at a price per ton in terms of per cent of ammonia. Use is as 
a base, particularly for neutralizing superphosphate in imking 
fertilizer. 

Urea-ammonia liquor is a solution of crude urea in aciueous 
ammonia containing ammonium carbamate. The ammonia content 
is such that it is shipped under moderate pressure. A typical com¬ 
position contains 21 per cent of ammonium carbamate, 37.7 per 
cent of urea, 13.8 per cent of ammonia and 27.5 per cent of water. 
Like nitrogen solution, it is used for reaction with superphosphate 
in the preparation of fertilizers, furnishing the necessary combined 
nitrogen. The usual grade contains 55 per cent of ammonia in 
various forms. 

Calcium hydroxide, calcium hydrate, slaked lime, or hy¬ 
drated lime, Ca(OH) 2 , is a dry white powder whose solution, 
called limewater, gives a weakly alkaline reaction. Unlike the 
preceding bases, calcium hydroxide is only slightly soluble in water, 
0.17 per cent in cold water and only about half that in hot water. 
In spite of its low solubility, it has a wide use as an alkali in indus¬ 
try because of its low price. The white suspension of the powder 
in water is known as milk of lime, or lime slurry. When reacting 
chemically, the soluble part reacts first; as this is used up more of 
the suspended solid dissolves and this in turn reacts. The action 
is therefore a progressive one. The final effect may be the same 
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as with a stronger alkali, but the calcium hydroxide requires more 
time to react. 

Calcium hydroxide is prepared by the action of water or steam 
on the anhydride, calcium oxide, CaO, known as lime or quick¬ 
lime. This is obtained by heating limestone, CaC 03 , above 
9(X)° C. The operation is known as burning limestone and an old 
term for calcium oxide is burnt lime. Impurities which are apt 
to be present are iron, magnesium oxide, silica, and calcium car¬ 
bonate from incomplete decomposition. Commercially lime is 
largely bought as the anhydride and slaked in water for use, rather 
than purchased as the more expensive hydrated lime. The com¬ 
mercial grades of lime are lump, ground and fine. Hydrated lime 
or calcium hydroxide is also an article of commerce. U.S.P. calcium 
hydroxide contains not less than 95 per cent of calcium hydroxide. 
The U.S.P. solution contains not less than 0.14 gram of calcium 
hydroxide per 100 cc., at 25'' C. 

Since lime slowly absorbs carbon dioxide from the air, some 
degree of protection is necessary. The ease with which lime can 
be slaked is controlled to a large degree by the conditions under 
which it was burned. Therefore it cannot be considered as standard 
in quality to the same extent as other alkalies and most other chem¬ 
icals. Another important factor in its solution is the amount of 
magnesium oxide present, since some dolomitic limestone is burned, 
and the product may contain up to 30 per cent of magnesium oxide. 
This type of lime is not ordinarily offered as chemical lime but 
rather as builders’ lime. 

Slaked lime is used in the manufacture of more expensive al¬ 
kalies from naturally occurring salts, such as in the lime-soda 
process for caustic soda. It is used in large amounts to neutralize 
acids in the chemical industry. It is particularly applicable for 
neutralization of sulfuric acid because the product of the reaction, 
calcium sulfate, is precipitated. In the manufacture of bleaching 
powder, chlorine is i:)assed over trays of slaked lime. Combination 
occurs as represented by the formula, CaG(OCl), a double salt, 
a calcium chloride and hypochlorite. A straight hypochlorite, 
Ca(OCl) 2 , is also produced from lime by another process. Lime 
mortar is made by slaking lime with water and mixing with sand in 
approximately the ratio of 1 part of 40 per cent lime slurry to 
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3 parts of sand, by volume. Usually some Portland cement is 
mixed with it before use. The mortar sets by the evaporation of 
the water and the reaction of calcium hydroxide with carbon dioxide 
in the air to form calcium carbonate. Cement, if added, assists in 
producing the set. A rigid structure is formed which acquires a 
high strength over a period of years. Similar mixtures are used 
as lime plaster, with the addition of fiber or hair in the undercoats. 
For a finish coat, hydrated lime slurry mixed with a minor amount 
of fine white sand is commonly applied. 

Lime slurry is used in the purification of sugar juices to pre¬ 
cipitate phosphates and carry down colloidal impurities in the 
sugar solution. Slaked lime is used to remove hair from hides 
preparatory to leather tanning, as a water softener, in whitewash, 
in water paints, for ammonia recovery in gas manufacture, in agri¬ 
culture, and as an anti-acid in medicine. Lime soaps are prepared 
and used in lubricants and greases. Good-quality lime is the basic 
material for the manufacture of many calcium salts. Where ap¬ 
plicable, lime is outstanding as the inexpensive industrial alkali. 
For spraying as an insecticide, hydrated lime is sold under the 
name spray lime or lime spray, a grade readily dispersible in 
water. 

Barium hydroxide or barium hydrate, Ba(OH) 2 , is a white 
powder. The dry material absorbs carbon dioxide readily from 
the air and must therefore be kept in tightly closed containers. The 
aqueous solution is weakly alkaline and is known as baryta- 
water. The solution also reacts readily with carbon dioxide in 
the air. The solubility of barium hydroxide differs from that of 
calcium hydroxide in that the former is moderately soluble in cold 
water and readily soluble in hot water. It is also soluble in alcohol. 

Barium hydroxide can be prepared by dissolving the oxide, 
BaO, in water. An energetic reaction with water occurs to form 
the hydroxide. When a hot saturated solution of the hydroxide is 
allowed to cool, a hydrate crystallizes out, Ba0U,8H20. Large- 
scale preparation of the hydroxide is carried out by heating a natur¬ 
ally occurring salt, barium sulfate or barytes, with carbon in the 
form of fine coal. Barium sulfite is obtained and is then heated in 
a current of moist carbon dioxide to form barium carbonate and 
hydrogen sulfide. The carbonate is then decomposed with a cur- 
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rent of superheated steam to form the hydrate. Barium hydroxide 
is also prepared by electrolysis, starting with barium chloride solu¬ 
tion and using a mercury cathode. Iron and calcium may be present 
in the less pure forms. 

Because of the great insolubility of the sulfate, barium hydroxide 
is used in inorganic chemistry for semi-quantitative neutralization 
of sulfuric acid. It is used similarly for the precipitation of car¬ 
bonates—in tanning for dchairing, and for the preparation of barium 
soaps for incorporation in lubricants. Former use in the sugar 
industry to neutralize organic acid impurities has largely been su¬ 
perseded by processes utilizing calcium or strontium hydroxide. 
It is the starting material for the preparation of many barium 
compounds. 



CHAPTER IV 


SODIUM SALTS OF INORGANIC ACIDS 

Because of cheapness and case of solubility in water sodium 
salts are the most widely used inorganic salts. The metal itself has 
practical application solely in organic reactions and that not in an 
aqueous medium because it reacts with water to generate hydro¬ 
gen. The term scxla is used loosely in commerce, sometimes in 
place of sodium, as in referring to soda sulfate when sodium sulfate 
is meant. More strictly, soda means sodium carbonate, known as 
soda ash. Occasionally the term soda solution is used to mean 
caustic soda solution, particularly when referring to foreign prac¬ 
tice. When not otherwise indicated sodium compounds are white. 
They are soluble in water but generally insoluble in alcohol, unless 
otherwise noted. 

Sodium, Na, is a white metal, so soft that it can be cut with 
a knife. While it has a silvery luster it reacts with moisture so 
readily that it shows a silvery sheen only when freshly cut. Sodium 
is stored under mineral oil to prevent access of moisture. Its 
reaction with water is so vigorous as to ignite the hydrogen gen¬ 
erated in the reaction. It is sold in the form of bricks weighing 
about 12 pounds. Its electrolytic production from fused sodium 
chloride at a relatively low price permits its use for liberation of 
some of the more expensive metals, but not on a large scale. It is 
used rather widely in organic synthesis, for drying the best grades 
of ether, and for related purposes. 

Sodium peroxide or sodium dioxide, Na^Oo, is a yellowisK 
powder, usually granular, and is very hygroscopic. It may be 
considered as the sodium salt of hydrogen peroxide, and when dis¬ 
solved in acid with cooling, gives a dilute solution of hydrogen 
peroxide. This is of no practical importance. When added to 
water without cooling, oxygen is evolved and sodium hydroxide 
results. Sodium peroxide is produced by burning sodium in excess 
of air. Typical uses are as a powerful oxidizing agent, as a 
reagent in synthesis, and as a bleaching agent on resistant materials 
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which will not be damaged by the alkalinity produced. The normal 
sodium oxide, or sodium monoxide, Na 20 , is of only theoretical 
importance. 

Sodium carbonate, soda ash, or calcined soda, Na 2 C 03 , is 
the manufactured compound of sodium handled in greatest tonnage. 
The usual commercial form is an anhydrous powder, but soda 
monohydrate, Na 2 C 03 , H 2 O, and the decahydrate, Na 2 COa, 
IOH 2 O, are also sold. The latter is known as sal soda, or wash¬ 
ing soda. Sodium carbonate is moderately solul)le in cold 
water and very soluble in hot water. To a large extent the term 
sodium carbonate is used by chemists and the term soda ash in the 
trade. The aqueous solution is strongly alkaline, due to hydrolysis, 
and this is the basis for some of its uses. 

The old process of manufacture known as the Le Blanc process 
used sodium chloride and sulfuric acid as starting materials. The 
sodium sulfate formed was reduced to the sulfide which reacted 
with limestone, calcium carbonate, to give sodium carbonate. This 
has been superseded by the ammonia-soda or Solvay process. In 
this a solution of sodium chloride, common salt, is saturated with 
ammonia gas, then carbon dioxide, obtained by heating limestone, 
is bubbled in at the bottom. The carbonic acid formed reacts with 
the ammonia and the product ammonium bicarbonate, reacts with 
sodium chloride to form sodium bicarbonate. This precipitates out 
and is separated from the liquid by filtration. Anhydrous sodium 
carbonate is obtained by heating the bicarbonate. Carbon dioxide 
is the by-product of this final reaction and is re-used in the process. 
Ammonium chloride from an earlier step reacts with lime from 
another earlier step to liberate ammonia for re-use. This leaves 
only calcium chloride as a by-product. Some is used, and the bal¬ 
ance run to waste in aqueous solution. This is in sharp contrast 
to the Le Blanc process which rapidly built up dump piles of waste 
products. 

The decahydrate is obtained by dissolving soda ash in water and 
recrystallizing. On exposure to dry air it loses water to give the 
monohydrate. This hydrate is also produced directly under suitable 
conditions. 

Soda ash is sold to contain the equivalent of 58 per cent of 
sodium oxide, Na 20 , which corresjx)nds to 09 ])er cent of soda 
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ash. Dense, light and extra light grades are available, of which 
the dense grade commands a small premium because of the extra 
processing necessary. The hydrated forms cost relatively more 
because of the extra processing, when one considers that the mono¬ 
hydrate contains 85.6 per cent of soda asli and the decahydrate 
37.1 per cent. Impurities present are salt and sodium bicarbonate. 
The latter results in part from absorption of carbon dioxide from 
the air. The U.S.P. monohydrate, Na 2 C 03 ,H:> 0 , contains 10-15 
per cent of water, and not less than 99.5 per cent of anhydrous 
sodium carbonate on a dry basis. Soda ash is to be considered 
among the inexpensive alkalies, in the sense that it reacts to neu¬ 
tralize acid. The neutralizing value of 1 pound of soda ash equals 
that of about three-fourths pound of caustic soda, which sells for 
more than twice as much. Soda ash is fused with lime and sand 
to produce glass. Mixed with a small amount of soap and allowTd 
to crystallize as the decahydrate, it forms the soap powders of 
commerce. Large amounts are used as soap builders with soap 
in laundering. Other uses are in water softening, processing of 
textiles, etc. A major use is for production of other sodium salts. 

Sodium bicarbonate, sodium acid carbonate, or baking soda, 
NaHCOa, is moderately soluble in cold water and much more 
soluble in hot water. Its aqueous solution is mildly alkaline even 
though structurally it is an acid salt of carbonic acid. It is pro¬ 
duced as an intermediate product in the Solvay process for manu¬ 
facture of soda ash. It is sold in granular and powdered forms, 
and in C.P. and U.S.P. grades. The latter contains not less than 
99 per cent of sodium bicarbonate. It tends to give off carbon 
dioxide to form a minor amount of sodium carbonate on exposure 
to air. It is used as an ingredient of baking powder and effervescent 
medicinals, where by reaction with an acid, it liberates the neces¬ 
sary gas, carbon dioxide. For these uses it is more suitable than 
soda ash because the bicarbonate requires less acid to decompose 
it. Its mild alkalinity finds many other applications. 

Sodium sulfate, Na 2 S 04 , is a crystalline compound mod¬ 
erately soluble in cold water and very soluble in hot water. By 
solution in water and recrystallization, Glauber’s salt or sodium 
sulfate decahydrate, Na 2 S 04 , IOH 2 O, is manufactured. The 
U.S.P. decahydrate contains 51-57 per cent of water and not more 
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than 1 per cent of impurities. The anhydrous salt occurs naturally. 
Both the anhydrous form and the hydrate are produced as by¬ 
products of various industries such as in the manufacture of hydro¬ 
chloric acid from common salt and sulfuric acid, by further proc¬ 
essing of the crude salt cake» which is largely sodium sulfate. 
Both forms are quoted and much Glauber's salt is imported. 
Slightly over 0.44 pound of the anhydrous salt is equivalent to 1 
pound of Glauber’s salt. On a basis of actual chemical content the 
latter form commands a substantial premium because of its ease 
of solution and perhaps because of custom in its use. The anhy¬ 
drous form is an important ingredient of glass. Both are used in 
dyeing, although Glauber’s salt more commonly. The crude salt 
cake also has a market although it contains only 92-98 per cent of 
sodium sulfate with impurities such as bisulfate, calcium, iron, 
magnesium and silica. 

Chrome cake is a green form of salt cake, sodium sulfate, 
containing a small amount of chromium as a natural impurity, 
which is the source of the coloring matter. It is a by-product in 
the manufacture of bichromates and is much cheaper than the 
usual salt cake. Its use is largely in the paper industry. 

Sodium bisulfate, or sodium acid sulfate, NaHS 04 , is a 
crystalline material moderately soluble in cold water and very 
soluble in hot water. It is, as the structure implies, acid in reaction 
when in aqueous solution. A major source is as a by-product in 
the manufacture of volatile acids by heating their sodium salts 
with excess sulfuric acid. That obtained from such treatment of 
sodium nitrate is known as niter cake. In the crude form it 
may contain residual salts such as sodium nitrate, arsenic, heavy 
metals and potassium salts. Sodium bisulfate is used as a flux for 
iron and steel, as a controlled acid reagent in dye baths, and in 
general as a mildly acid buffered ingredient at a low price per 
pound. For example, a popular cleaner for automobile radiators 
and vitreous porcelain consists of this compound with minor added 
ingredients. Its sale is controlled by the Caustic Poison Act, given 
in Appendix A. 

Sodium sulfite, Na2S02, is the salt of sulfurous acid and is 
moderately soluble in cold water, very soluble in hot water. The 
hydrate, Na2SOs,7H20, is prepared by saturating a solution of 
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soda ash with sulfur dioxide, adding another equivalent of soda 
ash and crystallizing. The anhydrous salt is prepared by heating 
the hydrated salt. Both the anhydrous or powder form, and the 
hydrated or crystalline form are sold. The latter contains 50 per 
cent of the anhydrous salt. Because the anhydrous material must 
be prepared from the hydrate the latter costs less on a basis of 
chemical content. Its general uses are as a reducing agent and as 
a source of sulfur dioxide when added to strongly acid solutions. 
Thus it is used in the textile industry as an antichlor and in 
photography. Its use as a preservative in foodstuffs is permissible 
to only a limited extent when declared on the label. 

Sodium bisulfite or sodium acid sulfite, NaHSOa, is ol)- 
tained by saturating a caustic soda solution with sulfur dioxide. 
The product actually obtained in solid form is usually a double 
salt, sodium metabisulfite, Na 2 S 205 , which is the dehydration 
product of two molecules of sodium bisulfite. The product is also 
sold as solutions of 32°, 33°, 35° and 40° Baume, containing re¬ 
spectively 35, 36,25, 38.78 and 44.92 per cent of the product. The 
solutions are more convenient to use but more expensive. It is 
used as a reducing agent in many industries such as in the manu¬ 
facture of leather and paper, as a photographic chemical and to some 
extent, as a food preservative, although its use for this purpose 
is strictly limited by law. 

Sodium thiosulfate or ‘‘hypo,” NaoSoO;^, 5 H 2 O, is ex¬ 
tremely soluble in hot or cold water. The product is sold in the 
trade under an old name of sodium hyposulfite which is more 
correctly that of another chemical, Na 2 S 204 , 2 H 20 . Confusion 
often arises, even among chemists. The photographers’ “hypo” is 
the thiosulfate. It is prepared by boiling a solution of sodium sul¬ 
fite with sulfur. It forms beautiful large crystals and is sold as 
granular, pea-size and large. The U.S.P. pentahydrate contains 
32-37 per cent of water, and not less than 99 per cent of the pure 
.salt on a dry basis. Its uses are for dissolving silver salts as in 
photography, in the extraction of silver from its ores, and as an 
antichlor to destroy free chlorine; also as a textile chemical, and 
in synthetic organic chemistry as a rather mild reducing agent. This 
is in contrast to the chemical properly called sodium hyposulfite or 
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in the trade sodium hydrosulfite, which is a powerful reducing 
agent. 

Sodium hyposulfite, or sodium hydrosulfite, Na 2 S 204 , 2H2O, 
is a powerful reducing agent, very soluble in cold water and de¬ 
composed by hot water. The name is often confused with an old 
name for sodium thiosulfate which is still quoted in the trade as 
sodium hyposulfite. This material is, however, the one which 
correctly bears that name. It is formed by the action of zinc on 
scxlium bisulfite and sulfurous acid. Zinc sulfite precipitates leav¬ 
ing the hydrosulfite in solution. This is then precipitated by add¬ 
ing salt to the filtered solution. While at one time available only 
in solution the solid is now also sold. Its uses relate largely to 
discharge of dyestuffs as in textile printing. 

Sodium sulfide, Na 2 S, while obtainable in clear, transparent 
crystals, is usually colored yellow by polysulfides. It is very del¬ 
iquescent and is moderately soluble in cold water, very soluble in 
hot water and slightly soluble in alcohol. It is manufactured by 
saturating a caustic soda solution with hydrogen sulfide, then adding 
another equivalent of alkali. In a less pure form it is obtained by 
heating sodium bisulfate and coal. It is sold as 80 per cent crystals 
and 60 or 62 per cent solid, flakes or chips. Sodium sulfide is a 
powerful reducing agent and finds use in the synthetic manufac¬ 
ture of dyes and in such industries as those of rayon, metallurgy, 
photography and engraving. 

Sodium chloride, salt, rock salt, common salt, or halite, NaCl, 
is very soluble in hot or cold water. It occurs naturally in various 
])arts of the world. In some places it contains up to 5 per cent of 
impurities such as calcium, magnesium and iron, while in this coun¬ 
try salt deposits are unusually pure. In some places it is mined, 
in others wells are drilled and the salt dissolved with water and 
pumped to the surface. It is purified where necessary by solution, 
filtration and crystallization. Recovery from sea-water is of more 
historical than practical importance. 

Rock salt is a coarse grade. Crystals of all degrees of fineness 
are obtainable. The removal of the last traces of impurity is ex¬ 
pensive and only carried out when essential. Impurities of cal¬ 
cium or magnesium chloride cause caking unless powdered chalk 
or tricalcium phosphate is added to prevent it. The U.S.P. grade 
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contains not less than 99.5 per cent of sodium chloride, when dried 
to constant weight. Pure grades of rock salt are used in the dairy 
and pickle industries and for grinding and sieving to a fineness 
suitable for table salt. For table use iodides are often added. Less 
pure forms are used in fish curing, meat packing, refrigeration, cur¬ 
ing hides, etc. Some concept of the magnitude of use of salt can 
be gleaned from the fact that it is the essential starting material for 
the manufacture of nearly all sodium compounds, and the source 
of nearly all of our chlorine. Chlorine is produced directly, sodium 
compounds through the intermediate stages of soda ash or caustic 
soda. 

Sodium bromide, NaBr, is very soluble in water. It is ob¬ 
tained by the reaction of ferrosoferric bromide and soda ash in 
solution. Its main uses are as the highly purified salt in photo¬ 
graphic emulsions and in medicine. 

Sodium iodide, Nal, is extremely soluble in water. It is 
prepared from ferrosoferric iodide, obtained by the reaction of 
iron, iodine and water. The ferrosoferric iodide reacts with soda 
ash to give sodium iodide, which is recovered from solution after 
filtration. The U.S.P. grade contains not more than 5 per cent of 
water, and not less than 99 per cent of sodium iodide when dried 
to constant weight. It is mainly used as a very pure grade in 
medicine, and in preparing photographic emulsions. 

Sodium fluoride, Na 2 F 2 , is moderately soluble in water. It 
is obtained by the reaction of soda ash with hydrofluoric acid. 
Arsenic and soda ash may be present as impurities. Grades are 
90 and 95 per cent. It is largely used as an insect and rat poison. 

Sodium bifluoride or sodium acid fluoride, NaHF 2 , is the 
water-soluble acid salt of sodium fluoride. It is used as an etching 
agent, as a preservative for specimens of organic nature, as a 
*'sour’' in laundering and in various other ways as a mildly acid 
ingredient. 

Sodium silicofluoride or sodium fluosilicate, Na 2 SiF 6 , is 
a salt which is moderately soluble in water. Its solution is acid 
due to slight hydrolysis to sodium fluoride, silicic acid and hydro¬ 
fluoric acid. This reaction goes on progressively in the presence 
of any basic material. It is formed by neutralization of fluosilicic 
acid with soda ash, the fluosilicic acid being a by-product of the 
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phosphorus and phosphoric acid industry. A substantial part of 
that used in the United States is imported. Its use, aside from 
medicine, is as a mild neutralizing agent, such as in laundry and 
textile sours, in the hardening of cement, setting of silicate ce¬ 
ments, etc. 

Sodium h5rpochlorite, NaOCl, is not sold as a solid chemical 
nor under its chemical name. An aqueous solution is sold as 
bleach liquor, chlorine bleach, or Javelle water.. This is manu¬ 
factured by passing chlorine gas into a well cooled solution of 
caustic soda. It is customarily sold at about 10 per cent available 
chlorine content. The solution always contains excess caustic soda 
and is therefore strongly alkaline. It is handled in glass carboys 
and glass-lined tank cars. Therefore local supplies are preferred, 
because of the cost of transportation. A U.S.P. solution contains 
4-6 per cent of sodium hypochlorite. For household use a similar 
l^roduct is merchandised with about a 5 per cent available chlorine 
content, and excess alkali as carbonate. Uses are for bleaching of 
textiles, general sterilization, disinfection, etc. Its sale is subject 
to the Caustic Poison Act, given in Appendix A. In the cotton 
textile industry the solution is not purchased as such but chlorine 
is passed into the kier containing the cotton fabric and caustic 
soda solution, to produce the sodium hypochlorite. Diluted to 
0.5 per cent available chlorine it is Dakin’s solution, which finds 
a wide use as an antiseptic. In a U.S.P. grade, this solution con¬ 
tains 0.45-0.50 gram of sodium hypochlorite per 100 cc. of solu¬ 
tion, which is equivalent to 0.43-0.48 gram of available chlorine. 

Sodium chlorate, NaClOa, is very soluble is cold water, ex¬ 
tremely soluble in hot water and soluble in alcohol. It is obtained 
by heating and electrolyzing a concentrated solution of sodium 
chloride and caustic soda or by passing excess of chlorine into hot 
caustic soda solution. The product crystallizes on cooling. It is 
used as a strong oxidizing agent, particularly in solution with acids. 
It is less expensive than potassium chlorate and 0.87 pound of the 
former is as effective as 1 pound of the potassium compound. A 
typical use is in the liberation and recovery of bromine and iodine 
from their salts. 

Sodium iodate, NalOa, is an oxidizing agent similar in pro¬ 
perties to sodium chlorate but milder in action. It is not competi- 
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tive in price. It is moderately soluble in cold water, very soluble 
in hot. Sodium iodate is recovered from crude Chile saltpeter and 
is formed by the reaction of iodine with sodium chlorate in the 
presence of nitric acid. Its use is largely in medicine. 

Sodium nitrate, NaNOa, is very soluble in cold water and 
extremely soluble in hot. It is also soluble in alcohol and glycerine. 
The salt occurs naturally as Chile saltpeter. The crude salt is 
extracted with water, filtered and recrystallized. Modern processes 
of nitrogen fixation permit its synthetic manufacture, and some may 
be produced by the arc process. Both crude and refined grades are 
sold, the latter in either gratiular or powdered forms. The crude 
as quoted is about 92 per cent pure. Because of the great impor¬ 
tance of nitrates as fertilizers, its use is fundamental in that industry. 
It is also used as a basis of production of nitric acid by treatment 
with sulfuric acid, giving niter cake as a by-product—to manu¬ 
facture potassium nitrate and sodium nitrite, and as a flux. Its 
use as a source of nitrogen is constantly declining, having fallen 
from two-thirds of the world’s fixed nitrogen supply to only 7 per 
cent, in the past 35 years. 

Sodium nitrite, NaN02, is soluble in the same solvents and 
to about the same extent as the nitrate. It is obtained by heating 
sodium nitrate, which gives up oxygen. The process is aided by 
the presence of lead which combines with the oxygen as the nitrate 
decomposes. The sodium nitrite is extracted with water and re¬ 
crystallized. Impurities such as potassium salts, chlorides, iron 
and sulfates may be present. The commercial uses do not require 
a high degree of purity so that a 96-98 per cent grade is quoted. 
The U.S.P. grade contains not less than 95 per cent of sodium 
nitrite when dried to constant weight. The uses are as a diazotizing 
agent in the preparation of dyes, and as a general reducing agent. 

Sodium phosphate, even when limited to sodium orthophos¬ 
phate, is a term which might refer to any of three salts. These 
differ according to the number of hydrogen atoms that have been 
neutralized in orthophosphoric acid. Monosodium phosphate, 
primary or monobasic sodium phosphate, NaHoP 04 , is a 
slightly acid salt which is very soluble in cold water and extremely 
soluble in hot. It is obtained by mixing the correct amount of 
disodium phosphate and phosphoric acid, and concentrating to 
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permit the salt to crystallize. Although it forms a monohydrate, 
the commercial product is anhydrous. Because its major uses are 
in medicine and in baking powder the grade is of high purity. 

The second of the sodium salts of orthophosphoric acid is 
disodium phosphate, secondary sodium phosphate, or dibasic 
sodium phosphate, Na 2 HP 04 , I 2 H 2 O. It is moderately soluble 
in cold water and infinitely soluble in hot because of its low melting 
point, 34.6° C. It may be obtained from dicalcium phosphate by 
reaction with soda ash. The less soluble calcium carbonate pre¬ 
cipitates, leaving disodium phosphate in solution, from which it 
can be crystallized. It is also the product of reaction of phosphoric 
acid and soda ash, the latter not being sufficiently alkaline to neu¬ 
tralize the acid further. A technical grade is sold as the hydrate. 
U.S.P. disodium phosphate as the heptahydrate, Na 2 HP 04 , 7 H 20 , 
contains 43-50 per cent of water, and not less than 98 per cent of 
the anhydrous salt on a dry basis. U.S.P. anhydrous disodium 
phosphate contains not less than 98 per cent of the pure salt at 
constant weight. Although structurally an acid salt its aqueous 
solution is mildly alkaline. Typical uses are in the production 
of fertilizers, dyes, and pigments, and in textile processing. 

The most alkaline salt of orthophosphoric acid is trisodium 
phosphate, tertiary or tribasic sodium phosphate, Na 3 P 04 , 
I 2 H 2 O. Although only moderately soluble in cold water it is very 
soluble in hot. It is obtained by neutralizing orthophosphoric acid as 
far as possible with soda ash, to give the dibasic compound, and 
then neutralizing the last hydrogen atom with caustic soda. As 
would be expected from this method of manufacture, its aqueous 
solution is strongly alkaline, more alkaline than a solution of soda 
ash of similar concentration. Usually some excess caustic soda is 
present as an impurity. The uses are numerous but none is out¬ 
standing. Typical ones are as water softener, soap builder and in 
metal cleaning. 

Sodium pyrophosphate, or tetrasodium pyrophosphate, 

Na 4 P 207 , is a salt moderately soluble in cold water and very 
soluble in hot water. It is formed by fusing disodium phosphate, 
when water is driven off. Disodium phosphate may be present 
as an impurity. The anhydrous salt may be dissolved in water and 
recrystallized to form the decahydrate, Na4P2O7,10H2O. A par- 
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tially neutralized compound from lesser heating is acid sodium 
pyrophosphate or disodium p)n:ophosphate, Na2H2P207, 6H2O. 
The other two theoretical acid salts do not exist. The fully neu¬ 
tralized compound is sold in anhydrous and hydrated forms but 
the former, while it dissolves in water more slowly, is more eco¬ 
nomical. The acid salt is sold only as the hydrate. Uses are largely 
in water softening because the soluble calcium and magnesium 
salts are formed and prevent formation of calcium and mag¬ 
nesium soaps. This application and the corresponding appli¬ 
cation of sodium metaphosphate is referred to industrially as 
calcium sequestration. 

Sodium metaphosphate exists in two forms. The older form, 
Na4P40i2 has but little use because of its water insolubility. A 
water-soluble form, NaP02, is available and is often referred 
to by the longer term of sodium hexametaphosphate. The 
method of manufacture is probably by controlled heating of 
monosodium orthophosphate to drive off water. The material 
is sold as flakes, either alone or with added soda ash to increase 
the alkalinity. Its use is mainly for softening water for the 
same reasons as given for the pyrophosphate. 

Sodium hypophosphite, NaH 2 P 02 , HoO, is a salt soluble in 
alcohol or water, obtained by neutralizing hypophosphoric acid 
with soda ash. It is used in medicine as a source of assimilable 
phosphate. 

Sodium silicate is a term applying to a series of compounds 
ranging in properties from strongly alkaline to nearly neutral, 
from crystalline to glassy solids. The most alkaline is sodium 
orthosilicate, Na4Si04, an amorphous form prepared by heating 
silica or lower silicates with sodium hydroxide. It is used in metal 
cleaning and as a general, strongly alkaline detergent. 

Sodium sesquisilicate, Na4Si04, NaoSiOn, IIH2O, is inter¬ 
mediate in composition between the orthosilicate and the metasili¬ 
cate. It is crystalline and is prepared much the same as the 
orthosilicate but is crystallized from solution. It is used for the 
same purposes as the ortho compound. Being milder, it is also 
used for purposes for which the orthosilicate is too drastic. 

Sodium metasilicate, Na2Si03, is one of the oldest of the 
known definite silicates. It exists as several hydrates, the penta- 
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hydrate and hexahydrate being common. Its uses are similar to 
those of the preceding silicates but it is milder in its action. Even 
then it is more alkaline than soda ash or trisodium phosphate. It 
is prepared by fusion of silica and soda ash or by adding sodium 
hydroxide to solutions of the lower silicates. One other silicate 
of definite composition is known, sodium acid silicate, 
NaHSiOa. It exists as a spray-dried solid as well as in solution. 

The remaining grades of sodium silicates cover a range of 
compositions without being definite compounds. They are usually 
expressed by their ratio of Na20 :Si02. In these terms the more 
silicious silicates range downward from 1:1 to 1 :4. In the same 
terms the orthosilicate is 2:1, the sesquisilicate 13^:1 and the 
metasilicate 1 :1. The lower silicates are usually sold in solutions 
containing 20-50 per cent of dissolved solids. They are often called 
waterglass which is therefore of indefinite composition. They 
are quoted by Baume readings and are turbid rather than clear 
solutions. The lower silicates are also sold in solid form but the 
solid dissolves in water only very slowly. These silicates are used 
as fireproofing agents, as adhesives, for production of higher sili¬ 
cates, in ceramic glazes, as a builder in soaps, as detergents, as 
deflocculating agents in clays, as sizings and for numerous mis¬ 
cellaneous purposes. The variation in use of the higher to lower 
silicates from metal cleaners to adhesives strikingly illustrates the 
range of properties involved and the indefiniteness of the term 
sodium silicate unless defined by a ratio of Na 20 :Si 02 . 

Sodium cyanide, NaCN, is the sodium salt of hydrocyanic 
or prussic acid. It is soluble in cold water, very soluble in hot 
water and soluble in alcohol. One method of manufacture is by 
fusion in an electric furnace of calcium cyanamide, scKlium chloride 
and a little calcium carbide. Another method is to melt metallic 
sodium with charcoal and blow dry ammonia gas into the molten 
material. Sodamide is first formed, changed to cyanamide, then 
to cyanide. Formamide is decomposed by heat and the presence 
of a catalyst into hydrocyanic acid, which reacts with caustic soda 
to form sodium cyanide. Hydrocyanic acid may be produced in 
other ways as by the arc process, and used for the manufacture of 
sodium cyanide. While a C.P. grade of this salt is available the 
bulk used is of technical 96-98 per cent grade. Both imported and 
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domestic sources supply the market. Uses are mainly in gold 
extraction, in case-hardening of steel and in electroplating. For 
fumigation with hydrocyanic acid the sodium salt is sometimes 
used, being treated with sulfuric acid to liberate the hydrocyanic 
acid. 

Cyanide-chloride mixture is a mixture of about 75 per cent 
sodium cyanide and 25 per cent sodium chloride, sold in granular 
or lump form for case-hardening of steel. 

Case-hardening mixture is sodium cyanide diluted with so¬ 
dium chloride and sodium carbonate, used for case-hardening of 
steel. Grades contain 30, 45 or 60 per cent sodium cyanide, and are 
sold in lump and granular forms. 

Sodium thiocyanate, or sodium sulfocyanide, NaCNS, is very 
soluble in water or alcohol. It is obtained as deliquescent crystals 
by boiling sodium cyanide with sulfur. Uses are in dyeing textiles 
and in medicine. 

Sodium ferrocyanide, or yellow sodium prussiate, Na 4 Fe 
(CN)c, 12H20, is a yellow salt, very soluble in water. While a 
derivative of hydrocyanic acid, it is not poisonous. One source is 
by treatment of the spent oxide from illuminating gas. Water and 
carbon bisulfide are used to remove soluble salts and sulfur from 
the oxide. The residue is heated with lime to give ammonia and 
calcium ferrocyanide. Salt is added to an aqueous extract of the 
calcium salt, and soda ash to precipitate calcium. The solution of 
sodium ferrocyanide is filtered and crystallized. It is not ]:)articu- 
larly difficult to get a reasonable degree of purity. Uses are as a 
mild reducing agent in the synthetic organic chemical industry, for 
manufacture of ferricyanides and for various miscellaneous jnir- 
poses. 

Sodium arsenate, Na 3 As 04 , 12 H 20 , is a salt of arsenic 
which is very soluble in water, and slightly soluble in alcohol. It is 
prepared by heating arsenic trioxide and sodium nitrate together 
and recrystallizing from water. The hydrated salt is sold for 
making other arsenates, particularly lead arsenate, and for use di¬ 
rectly in insecticides. It is also used to some extent in the textile 
industry as an assist in dyeing and printing. Like all soluble arsenic 
compounds it is very poisonous. 
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Sodium arsenite is the salt of arsenious acid. The structure 
is NaAsOo instead of that of the theoretical ortho salt Na^AsOa. 
Therefore it is also called sodium metaarsenite. It is very soluble 
in cold water, slightly soluble in hot and somewhat soluble in al¬ 
cohol. It is obtained by direct reaction of arsenic trioxide, the 
anhydride of arsenious acid, with caustic soda. The salt is strongly 
hydrolyzed in aqueous solution to give an alkaline reaction. This 
is basically the reason why arsenates are made from arsenites as 
the medium for application of arsenic for many insecticidal pur- 
])oses. Commercial grades are designated as white and gray, the 
latter being less pure and selling at a lower price. Sodium arsenite 
is also sold in solution. Uses are in a few insecticides, in medicinal 
soaps where alkalinity would not be objectionable, and as an 
antisej^tic and preservative. Like all soluble arsenic compounds it 
is very poisonous. 

Sodium antimonate or sodium pyroantimonate, Na^SbO.s, 
7HoO, occurs as colorless crystals, slightly soluble in water or 
alcohol. The salt is formed by the reaction of antimony hydroxide 
and sodium hydroxide. It is used mainly for production of opaque 
glass or enamels and therefore sold in a somewhat impure tech¬ 
nical grade. Antimony compounds approach those of arsenic in 
poisonous properties. 

Sodium bichromate, or sodium dichromate, Na^Cr^OT, 
21LO, is an inexpensive salt containing chromium in a soluble form, 
being very soluble in cold water and extremely soluble in hot. Struc¬ 
turally it is sodium acid chromate, NaHCr 04 , of which two 
molecules have united with the loss of a molecule of water. It is 
])repared hy fusing chrome iron ore with lime and soda ash in the 
])resence of air. The product is extracted with water and acidified 
with sulfuric acid. After filtration and concentration of the filtrate, 
the salt crystallizes. Chemically it behaves like an acid salt. It is 
used in many processes as an oxidizing agent. Mixed with sulfuric 
acid it is the equivalent of chromic acid and is less expensive than 
the acid alone. 

It is the starting material for preparing nearly all chromium 
salts. Reduced to the basic chromate it is used in tanning. As an 
oxidizing agent it is used to bleach oils and fats, in chrome dyeing, 
in dye manufacture and in many other industries. Completely 
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neutralized and crystallized sodium bichromate gives sodium 
chromate, Na 2 Cr 04 , 10 H 2 O, soluble in water and slightly solu¬ 
ble in alcohol. Sodium chromate is used as a mordant and in 
the manufacture of pigments. 

Sodium stannate, Na 2 Sn 03 , SHoO, is a grayish or white 
hygroscopic material, extremely soluble in cold water and mod¬ 
erately soluble in hot. It is a salt in which tin acts as an acidic 
rather than as a basic element, hence its solutions are strongly 
alkaline. Both the salt and its solutions absorb carbon dioxide 
from the air. It is obtained by fusing stannic oxide with caustic 
soda or by boiling tin scrap with sodium plumbate, which is a 
solution of lead oxide in caustic soda. Its main uses are as a 
mordant in the textile industry and in fireproofing textiles. 

Sodium tetraborate, sodium borate, or borax, Na 2 B 407 . 
lOHoO, is slightly soluble in cold water, extremely soluble in hot and 
also soluble in glycerine. It is a naturally occurring product which is 
purified by crystallization, to give varying grades. Borax is also 
obtained from naturally occurring calcium borate by fusion with 
sodium carbonate and extraction with water of the more soluble 
sodium borate from the residual calcium carbonate. Other sodium 
borates exist besides borax but are less common. Borax is an 
alkaline salt, hydrolyzing in aqueous solution to give a slightly 
alkaline reaction. In addition to U.S.P., quotations cover pow¬ 
dered, granular and technical 99^4 per cent grades. U.S.P. borax 
contains 52.32-54.92 per cent of anhydrous sodium tetraborate, 
Na 2 B 407 , corresponding to not less than 99 per cent of the deca- 
hydrate, Na 2 B 407 , IOH 2 O. Anhydrous borax or borax glass 
is also produced. The uses are very numerous. As a preservative 
borax is not permitted in food products. It is used in medicine as 
a mild antiseptic. Other uses are in ceramics, glass, glazes, solders, 
detergents, fluxes, as a water softener, etc. 

Sodium perborate is a mild oxidizing agent in water, in 
which it is moderately soluble. It forms two hydrates, NaB 03 ,H 20 
and NaB 03 , 4 H 20 of which the latter is the usual commercial form. 
It is prepared by heating borax, sodium peroxide and hydrogen 
peroxide in aqueous solution. Sodium perborate crystallizes out 
on cooling. It may also be prepared from boric acid and sodium 
peroxide in acid solution. The usual grade is N.F. The U.S.P. 
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grade contains not less than 9 per cent of available oxygen corre¬ 
sponding to about 86.5 per cent of the tetrahydrate, NaB03,4H20. 
It is used as an oxidizing and bleaching agent, antiseptic and deodor¬ 
ant, such as in soap products, cosmetics, textile processing, etc. It 
is often recommended as an oral antiseptic because of its mild 
oxidizing effect on anaerobic bacteria in the mucin plaque on the 
teeth and for assistance in removal of mucin deposits. 

Sodium molybdate is the chemical name for a whole series 
of compounds ranging from NaMo04 to NaMoioOsi. Commer¬ 
cially the normal compound NaMo04 or NaMo04,2H20 is meant. 
It is extremely soluble in hot or cold water and is prepared by the 
reaction of molybdic acid and caustic soda. Both the anhydrous 
and dihydrate salts are quoted as technical products. It is used in 
casein adhesives, in medicine and in the preparation of pigments. 

Sodium tungstate, NaW04,2H20, is extremely soluble in 
hot or cold water but reacts with acids to form insoluble tungstic 
acid. It is obtained by dissolving tungsten trioxide or tungstic acid 
in caustic soda solution. Grades are C.P. and technical. It is 
used to produce other tungsten compounds, as a fireproofing agent 
and for precipitation of proteins. 



CHAPTER V 


POTASSIUM SALTS OF INORGANIC ACIDS 

Potassium as a metal is similar to sodium. With rare exceptions 
potassium and sodium salts can be used alternatively. In 
that case the sodium compound is usually preferable on a price 
basis. If used for the negative radical such as sulfate or chromate, 
a pound of sodium compound will give more value than a pound 
of the equivalent potassium compound, always providing that the 
former is not more highly hydrated. 

Since the practical application of inorganic chemistry largely 
originated in Europe where potassium salts are plentiful, there 
are still many uses to which potassium compounds are put, more 
because of j>ast custom than because of greater merit. This natur¬ 
ally appertains more to small-scale work than to large-scale use. 

Potassium salts are sometimes incorrectly listed as potash salts. 
Potash is the commercial term applied to potassium carbonate, but 
like “soda,” it is rather loosely used. In the fertilizer industry 
potash content refers to potassium oxide, Ki-O, content. Yet 
another meaning occasionally encountered is the use of “potash” 
or “potash lye,” meaning caustic potash. This is similar to a 
trade use of the term “soda” or “soda lye.” Except where other¬ 
wise indicated, potassium salts are white. As a class, they are 
water-soluble. 

Potassium, K, is a silvery metal closely related to sodium in 
properties but somewhat less reactive with water. It is produced 
by methods analogous to those for sodium, but is of little com¬ 
mercial importance. 

Potassium carbonate, potash or pccirl 3 sli| K2CO3, K2C03,“ 
H2O, or 2K2C03,3H20, is the very soluble salt of potassium cor¬ 
responding to soda ash. The aqueous solution is strongly alkaline. 
It is made for the most part from potassium chloride. The natural 
salt is heated with magnesium carbonate, water and carbon dioxide 
under pressure, to give a mixed carbonate of potassium and mag¬ 
nesium. This is decomposed by heat and the potassium carbonate 
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recovered from tlie filtrate, after precipitated magnesium carbonate 
has been filtered off. It can be made by the equivalent of the am¬ 
monia-soda process. Historically, the salt was obtained from the 
leaching of wood ashes. Sulfates, chlorides and some insoluble 
matter are present in the crude product. The purest grade is ob¬ 
tained by igniting pure bicarbonate. 

Potassium carbonate is highly hygroscopic. Because of its 
medicinal use, U.S.P. granular and powdered grades are quoted, 
containing from 1.0 to 15 per cent of water, or a minimum of 99 
per cent of pure anhydrous salt when dried to constant weight. The 
calcined salt at 99-100 per cent and the hydrated salt at 83-85 
per cent are articles of commerce. Because of high solubility, solu¬ 
tions are also sold. Potassium carbonate is the basic material for 
prei:)aration of many potassium salts. Other uses are in special 
glasses and as a dehydrating agent. 

Cottonseed hull ash is obtained by ashing the outer cover¬ 
ing separated from cottonseeds. The potassium is present as car¬ 
bonate. It is sold to contain 25-30 per cent of potash, meaning 
potassium oxide, and is used in mixed fertilizers. Several other 
forms of ash, such as rice hull ash, are similarly sold but are 
not commonly or regularly quoted. 

Potassium bicarbonate or potassium acid carbonate, 
KHCO3, is very soluble in water but much less soluble than the car¬ 
bonate. It is precipitated by passing carbon dioxide through a strong 
solution of the normal carbonate. If silicate is present, it is neces¬ 
sary to remove precipitated silica. Potassium carbonate may be 
recovered by recrystallization from the filtrate. The bicarbonate 
is also obtainable by the equivalent of the ammonia-soda process. 
The U.S.P. grade is sold in crystalline and granular forms and 
contains 99-100 per cent of potassium bicarbonate. It is largely 
used in medicinal products. 

Potassium sulfate, K 2 SO 4 , is moderately soluble in cold 
water and very soluble in hot. It can be made by treating potassium 
chloride with sulfuric acid and calcining. The residue is readily 
purified by crystallization. N.F. and technical 90-95 per cent 
grades are sold. It is used mainly for preparing alums, in the 
manufacture of special glasses, and in the preparation of other 
potassium salts. Potassium magnesium sulfate is quoted as 
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such with a 48-53 per cent potassium sulfate content, for use as 
fertilizer. Potassium sulfate forms a whole series of double salts 
known as alums of which potash alum, K2SO4, Al 2 ( 804)3, 
24 H 2 O, is typical. In this the potassium may be replaced by any 
other monovalent metal such as sodium or ammonium and the alum¬ 
inum by other trivalent metals such as ferric iron, chromium, etc. 
The alums are relatively unimportant except where high purity is 
required. Simple sulfates are cheaper on a basis of the active ma¬ 
terial desired. In general alums are discussed with the sulfates 
of the heavy metal characterizing the individual alum. 

Potassium bisulfate or potassium acid sulfate, KHSO 4 , is 
very soluble in cold water, extremely soluble in hot and reacts with 
alcohol. It is prepared by fusing 13 parts of the normal salt with 
8 parts of sulfuric acid. In solution it behaves as though the nor¬ 
mal salt and sulfuric acid were present uncombined. Chlorides, 
heavy metals and arsenic may be present as impurities. Potassium 
bisulfate is used as a flux, in the production of bitartrates and 
where an acid salt of potassium is needed. Its sale is controlled 
by the Caustic Poison Act, given in Appendix A. 

Potassium metabisulfite, K2S20r„ is a water-soluble salt 
obtained by treating a hot saturated solution of potassium carbonate 
with sulfur dioxide, or a mixture of milk of lime and potassium 
sulfate with sulfur dioxide. It is used in moderate amounts for 
the same purposes as sodium bisulfite. 

Potassium nitrate, niter or saltpeter, KNO3, is moderately 
soluble in cold water and extremely soluble in hot. It is made from 
Chile saltpeter by the double decomposition of the sodium nitrate 
with potassium chloride. On heating, sodium chloride precipitates 
and can be filtered off, and potassium nitrate crystallizes from the 
cold filtrate. Varied grades are sold such as powdered, granular and 
double-refined crystals. The crude material is used in fertilizers. 
Good-quality material is used as a preservative as in “corning” 
beef, pickling ham, etc. The U.S.P. grade, containing 99-100 per 
cent on a dry basis, is used in medicine. This salt is not deliquescent, 
while the corresponding sodium salt is moderately so. Therefore 
in the manufacture of pyrotechnics, matches, gunpowder, etc., from 
nitrates, the potassium salt must be used. 
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Potassium chloride or potassium muriate, KCl, is extremely 
soluble in cold water, very soluble in hot, and soluble in alcohol. It 
was formerly obtained mainly from the Stassfurt deposits where 
it occurs in such forms as kainite, MgS04,MgClo,K2S04,6H20 
and schoenite, MgS 04 ,K 2 S 04 , 6 H 20 . When a solution of the 
natural salts is treated with hydrogen chloride, potassium chloride 
is precipitated and magnesium and calcium chlorides and sulfates 
remain in the mother liquor. Competitive sources of potassium 
compounds are now worked in other countries, such developments 
having been stimulated by the World War. The crystalline product 
closely resembles common salt in properties and appearance. 

A 98 per cent technical grade of potassium chloride is quoted 
and is used in the preparation of other potassium compounds as 
well as in fertilizers. Under the name of potassium muriate it is 
sold for fertilizer purposes, being quoted in both foreign and 
domestic grades at 50 per cent K 2 O or 80 per cent KCl. Kainite 
and schoenite are also sold for their potassium values and as 
sources of magnesium compounds. Yet another fertilizer form is 
potash manure salt, a double salt of potassium and magnesium 
containing potassium carbonate, magnesium sulfate and a low pro- 
j)ortion of chloride. The domestic product is sold as 25 and 30 
per cent KoO and the imported as 20 and 30 per cent K 2 O. In 
contrast to sodium chloride, potassium chloride in its varied forms 
is marketed largely as a fertilizer ingredient. 

Potassium bromide, KBr, is slightly soluble in alcohol, very 
soluble in cold water and extremely soluble in hot water. It is 
obtained by first forming iron bromide by the reaction of bromine 
water on iron filings. The iron bromide is allowed to react with 
])otassium carbonate, the solution filtered, and the filtrate concen¬ 
trated to crystallize potassium bromide. It is purified to U.S.P. 
grade containing 99-100 per cent on a dry basis, and is used in 
preparing photographic emulsions, in engraving and in medicine. 

Potassium iodide, KI, is extremely soluble in cold water and 
even more soluble in hot. It is formed together with some potas¬ 
sium iodate, when iodine is dissolved in potassium hydroxide 
solution. The reaction mixture is evaporated to dryness and heated 
with powdered charcoal to reduce the iodate to iodide. It is then 
recrystallized. The U.S.P. grade contains 99-100 per cent of pure 
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potassium iodide on a dry basis. Uses are in medicine and in the 
preparation of photographic emulsions. 

Potassium chlorate, KC10;{, is slightly soluble in alcohol, 
moderately soluble in cold water and very soluble in hot water. It 
is obtained by passing chlorine into a warm saturated solution of 
lime water and adding potassium chloride. Potassium chlorate 
crystallizes from the solution on cooling. Another method is the 
electrolysis of a solution of potassium chloride in a suitable cell. 
Potassium chlorate is an active oxidizing agent. Crystalline, gran¬ 
ular and powdered forms are sold. It is used in various ways as 
a powerful oxidizing agent, as in the manufacture of pyrotechnics, 
matches, fireworks and explosives. The U.S.P. grade contains 
99-100 per cent, and is used in medicine. 

Potassium perchlorate, KCIO4, is an even more powerful 
oxidizing agent than potassium chlorate. It is slightly soluble in 
cold water and alcohol, but very soluble in hot water. Gently 
heating potassium chlorate converts it to potassium perchlorate and 
potassium chloride. The potassium chloride is extracted with a 
minimum of water. Potassium perchlorate is used for purposes 
similar to those outlined for the chlorate. 

Potassium iodate, KIO^, is moderately soluble in cold water 
but very soluble in hot. It is formed by the action of iodine on 
potassium chlorate in the presence of nitric acid, and is used in 
medicine. 

Potassium chromate, K 2 Cr 04 , is a yellow salt, very soluble 
in cold water and even more soluble in hot. It is the neutral 
chromate. Roasting ferrous chromite with potash and limestone 
forms potassium and calcium chromates. The latter is changed to 
potassium chromate by reaction with potassium sulfate solution, 
calcium sulfate being precipitated. Potassium chromate is used 
as a mordant for dyestuffs, in finishing leather and for various 
miscellaneous purposes. 

Potassium permanganate, KMn 04 , is a deep purple crystal¬ 
line salt moderately soluble in cold water and very soluble in hot. 
Even very dilute solutions are purple to violet in color. Potassium 
manganate is first prepared by fusing potassium carbonate and 
potassium nitrate with an oxide of manganese. This is then decom¬ 
posed in acid solution, with precipitation of manganese dioxide 
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and formation of potassium permanganate which is crystallized 
from the filtrate. It is an oxidizing agent in both alkaline and acid 
solution but the reactions are different in the two cases. In acid 
solution the end product is a manganous salt; in alkaline solution, 
manganese dioxide. Therefore it is a more powerful oxidizing 
agent in acid solution. U.S.P. and technical grades are sold. The 
U.S.P. grade contains 99-100 per cent on a dry basis. It is used 
as a general oxidizing agent, in the manufacture of dyes, as a 
disinfectant in medicine, and for bleaching. It is a standard oxidiz¬ 
ing agent in the chemical laboratory. 

Potassium bichromate, or potassium dichromate, KjCroOi, 
is the red acid salt corresponding to the theoretical KHCr 04 , of 
which two molecules have united with the loss of a molecule of 
water. Potassium bichromate behaves like an acid salt although 
it lacks the hydrogen in its formula. It is moderately soluble in 
cold water but very soluble in hot. Adding regulated amounts of 
sulfuric acid to crude potassium chromate in aqueous solution forms 
the bichromate. It is also made from sodium bichromate by con¬ 
centrating the solution with potassium chloride. Sodium chloride 
j)recipitates, and the bichromate is crystallized by further concen¬ 
trating. In acid solution it is a powerful oxidizing agent. Sulfuric 
acid is usually added because hydrochloric acid is itself oxidized 
to chlorine. Potassium bichromate is put to many uses as an oxidiz¬ 
ing agent, although the corresponding sodium comj^ound is cheaper. 
The potassium compound is not deliquescent; the sodium com¬ 
pound is. 

Potassium hypophosphite or monopotassium hypophos- 
phite, KHoPOo, is very soluble in water and is soluble in al¬ 
cohol. It is obtained by the reaction of calcium hypophosphite 
and potassium carbonate and is used in medicine. 

Potassium silicate is an alkaline, water-soluble salt of some¬ 
what indefinite composition sold for special purposes, such as coating 
lamp bulbs, where the sodium salt will not serve. It is furnished 
in lump form. Theoretically all of the sodium silicates except the 
orthosilicate could be paralleled with potassium salts but practically, 
demand for many of the latter does not exist. 

Potassium cyanide, KCN, is extremely soluble in hot or cold 
water and is also soluble in alcohol or glycerine. When potassium 
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carbonate and carbon are heated in a current of ammonia, potassium 
cyanide is produced. Potassium cyanide is extracted from the 
fusion with alcohol. It can also be obtained by fusion of calcium 
cyanamide with caustic potash. The salt gives an alkaline reaction 
in solution and is deliquescent. Its outstanding property is its 
extremely poisonous nature, since it is a salt of prussic acid. It 
was formerly used in electroplating and gold extraction as well as 
for other purposes, but has been largely replaced by the cheaper 
sodium cyanide. 

Potassium ferrocyanide or yellow potassium prussiate, 

K4Fe(CN)fl,3H20, is a nonpoisonous, yellow salt, very soluble in 
cold water and extremely soluble in hot. It is produced by heating 
nitrogenous matter, such as blood residues, with iron filings and 
potassium carbonate. The potassium cyanide and ferrous sulfide 
formed react to give potassium ferrocyanide. Sulfates, carbonates, 
chlorides and calcium salts may be present as impurities. It is 
used to make the ferricyanide, for making Prussian blue, ferric 
ferrocyanide, and in medicine and engraving. It is a mild re¬ 
ducing agent. 

Potassium ferricyanide or red potassium prussiate, 

K 3 Fe(CN)o, is a nonpoisonous red salt, very soluble in water and 
slightly soluble in alcohol. It is made by oxidizing potassium 
ferrocyanide with chlorine. It is used in making pigments, blue¬ 
print paper, in etching liquid and in printing cotton fabric and 
dyeing wool. It is a mild oxidizing agent and used to some extent 
in synthetic organic chemistry for that purpose. 

Potassium arsenite, or potassium metarsenite, KAsOo, is a 
water-soluble salt slightly soluble in alcohol. It is prepared by 
solution of arsenious oxide in potassium hydroxide. The U.S.P. 
grade is sold as a solution for medicinal use, and contains the 
equivalent of 0.950-1.050 gram of arsenic trioxide per 100 cc. of 
solution. 



CHAPTER VI 


SODIUM AND POTASSIUM SALTS OF 
ORGANIC ACIDS 

The commercial soclium salts of organic acids are rather limited 
in number. Their importance is minor only when compared with 
the sodium salts of inorganic acids. Potassium salts of organic 
acids are of less importance, with exceptions where the stability 
of the compounds dictates their use. 

Sodium acetate, NaC 2 H 302 , is very soluble in cold water, 
extremely soluble in hot water and moderately soluble in alcohol. 
The usual form is a trihydrate, NaC 2 H 302 , 3 H 20 . It is made by 
reaction of acetic acid and soda ash and may also be produced 
from the crude pyroligneous acid from wood distillation, in which 
case the solution is concentrated to precipitate the salt and the 
crystalline mass separated by centrifuging. Another procedure is 
to treat calcium acetate with soda ash and sodium sulfate. The 
solution is filtered from calcium salts, the filtrate evaporated to dry¬ 
ness, the residue heated to about 250° C., dissolved in water and 
recrystallized. 

The U.S.P. grade is the trihydrate, and when dried at 120° C. 
contains not less than 99 per cent of sodium acetate. Before drying 
the water content is 36-41 per cent. The commercial grades are 
anhydrous and what is called flake 60 per cent. The latter term 
means that it contains 60 per cent of the anhydrous salt. Uses are 
in the preparation of other acetates, in synthetic organic chemistry, 
in medicine, etc. 

Potassium acetate, KO2CCH3, is a salt very soluble in al¬ 
cohol and extremely soluble in water. It is formed by the reaction 
of acetic acid and potassium carbonate. Impurities such as chlor¬ 
ides, sulfates and heavy metals may be carried over from the crude 
potash unless a good grade is used. U.S.P. solid, containing not 
less than 99 per cent when dried to constant weight, and 50 per cent 
solutions are sold. The acetate is used in making crystal glass, as 
a dehydrating agent and in medicine. 
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Sodium oxalate, Na 2 C 204 , is moderately soluble in cold 
water and about twice as soluble in hot. It is obtained by neutraliz¬ 
ing oxalic acid with soda ash, filtering and recrystallizing. Carbon¬ 
ates, chlorides, sulfates, acid oxalate, iron and potassium may be 
present as impurities in the lower grades. Various qualities are 
sold. The salt is used in pyrotechnics and in textile and leather 
finishing. Its sale is controlled by the Caustic Poison Act, given 
in Appendix A. 

Potassium oxalate, K 2 C 204 ,H 20 , is very soluble in water. 
Heating potassium formate or carbonate with a small quantity of 
oxalate and a slight excess of alkali produces the product, which 
is then crystallized. A pure crystalline, and a technical grade are 
sold. It is used as bleaching agent and in medicine. Its sale is 
controlled by the Caustic Poison Act, given in Appendix A. 

Potassium binoxalate or potassium acid oxalate, KHC2O4, 
forms deliquescent crystals very soluble in water. It is obtained 
by mixing a solution of normal potassium oxalate with oxalic acid, 
from which the acid salt separates on evaporation. It is used for 
bleaching straw, cleaning metals and wood, in photography, and 
to remove ink stains. Its sale is controlled by the Caustic Poison 
Act, given in Appendix A. 

Potassium titanium oxalate, Ti 0 (KC 204 ) 2 » 2 H 20 , exists 
as greenish, water-soluble crystals. It results from treating titan¬ 
ium hydroxide with oxalic acid and potassium hydroxide, and is 
used as a mordant in dyeing leather and cotton. Its sale is con¬ 
trolled by the Caustic Poison Act, given in Appendix A. 

Sodium citrate, 2 Na 3 C 6 Hr, 07 ,llH 20 , is extremely soluble 
in hot or cold water and slightly soluble in alcohol. It is prepared 
from calcium citrate by treatment with sodium sulfate, filtration 
and crystallization from the filtrate. Calcium sulfate may be present 
as an impurity. Since practically the only use is in medicine and 
food products, usually only granular U.S.P. VIII and X grades 
are quoted. U.S.P. XI gives the dihydrate, containing 10-13 per 
cent of water, and 99 per cent of the anhydrous salt on a dry 
basis. 

Potassium citrate, K 3 CoHr, 07 ,H 20 , is very soluble in water 
and is formed by the reaction of citric acid with potassium car¬ 
bonate. It is used in medicine. The usual quoted grade is U.S.P., 
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which contains 3-6 per cent of moisture and not over 1 per cent 
of other impurities. 

Potassium bitartrate, potassium acid tartrate, or cream of 
tartar, KHC 4 H 4 O 6 , is slightly soluble in cold water, but mod¬ 
erately soluble in hot. It is obtained as crude argols, which are 
the lees deposited in wine vats. Argols are sold as 75-85 per cent 
potassium bitartrate but are quoted on a 100 per cent basis. The 
salt is leached from these with water, clarified and recrystallized. 
The U.S.P. standard requires not less than 99.5 per cent purity 
when dried at 100° C. The purified or U.S.P. cream of tartar is 
used as the acid ingredient of baking powder, for preparation of 
tartaric acid and practically all other tartrates, and in medicine. 

Sodium potassium tartrate, potassium sodium tartrate, or 
Rochelle salt, KNaC 4 H 40 ( 5 , 4 Ho 0 , is very soluble in cold water 
and extremely soluble in hot. By saturating an aqueous solution 
of potassium acid tartrate with soda ash and concentrating, the 
salt is crystallized. The U.S.P. grade contains 21-26 per cent of 
water, corresponding to the tetrahydrate, and not more than 1 per 
cent of other impurities. Both powdered and crystalline forms 
are sold, largely for medicinal use, and to serve as a reducing 
agent, as in silvering mirrors. 

Sodium soap or soda soap is a term applied to the most 
widely used organic salts of sodium. The general term soap 
usually refers to sodium soap. Commercial soap is seldom a chem¬ 
ical individual, but is a mixture of the sodium salts of several fatty 
acids, one of which may predominate. Hard soap or tallow 
soap sold for laundry use is largely sodium stearate, NaOoC- 
fCHolicCHa. This compound is also made in pure form by the 
reaction of purified stearic acid with caustic soda. It is sold under 
the name of sodium stearate in lump and powder forms of U.S.P. 
and less pure grades, for use in medicinal products and in cosmetics. 
The U.S.P. grade of hard soap is a neutral white soap containing 
no heavy metal soap and no added alkaline salts as builders. A 
so-called neutral soap usually contains not more than 0.05 per 
cent of free caustic alkali. A small amount of free alkali is desir¬ 
able in order to avoid the formation of free fatty acids, which turn 
rancid rather easily. Tallow chip soap contains small propor¬ 
tions of fatty acid salts other than sodium stearate. It is sold 
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with a soap content of 88-92 per cent, the balance being largely 
water. 

Frequently, although not always, white toilet soaps contain 
80-90 per cent of tallow soap or its equivalent, and 10-20 per cent 
of coconut-oil soap or its equivalent, in terms of anhydrous soap 
content. Coconut oil contains a high proportion of lauric acid as 
the glyceride. This is converted to sodium laurate, which helps to 
produce better lather and greater solubility of the soap at lower 
temperatures. The sodium salts of fatty acids present in liquid 
oils are also used for this purpose, such as sodium 
oleate, Na02C(CHo)7CH :CH(CH2)7CHa. Sodium palmitate, 
Na 02 C(CHo)i 4 CHa, is intermediate in properties between the 
oleate and stearate. Such natural oils as corn, olive, cottonseed, 
etc., contain a large proportion of oleic acid glycerides. Palmitic 
acid soaps are derived mainly from palm oil. Natural oils and 
fats always contain a mixture of glycerides. In speaking of both 
glycerides and soap, it is rather common practice to describe them 
in terms of their fatty acid content, although it should be under¬ 
stood that the free fatty acids do not exist as such in either case. 

The manufacture of soap is quite simple. The natural fat or 
oil mixture, which contains glycerides of fatty acids, is saponified 
or caused to react with caustic soda. Soap and glycerine are pro¬ 
duced. The glycerine is recovered by salting out the soap from 
the excess lye layer containing the glycerine, in the “boiled” process, 
but not in the “half-boiled” nor in the “cold” process of saponifica¬ 
tion. Soap made by the latter two procedures therefore contains 
the glycerine and all other impurities originally present in the 
materials used. Processing of the soap to form cakes or chips and 
to incorporate perfume or other ingredients, is a matter of varied 
mechanical detail. When the natural fat has first been split into 
fatty acids and glycerine and the glycerine recovered, the fatty 
acids alone react rapidly with caustic soda to form soap. The 
methods for setting free the fatty acids usually causes them to 
darken, so that the appearance of soap made from them may be 
less desirable than that of soap made by direct saponification of 
natural fats. 

Soap reaches the public in the form of cakes, chips, flakes, 
beads, etc. White bars usually are about 65 per cent soap and the 
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balance water, but cake toilet soaps have usually been milled and 
contain only 8-12 per cent of water. Many soap products contain 
added builders such as soda ash, sodium silicate, borax or other 
alkaline sails, in addition to natural impurities. Soap which has 
been salted out after the boiling process contains some sodium 
chloride. Only very small amounts of free caustic soda are allowed 
to remain in the product, because of the irritating effect of caustic 
alkali on the skin. Yellow bar soaps usually contain very substan¬ 
tial amounts of rosin soap, sodium abietate, and an abnormally 
high water content. Soap is used as a general detergent. 

Castile soap was originally made by the cold saponification 
of a good grade of olive oil with less than the equivalent amount of 
caustic soda, giving a superfatted soap, one containing an excess 
of unsaponified fat or of some fatty ingredient. Other fats are 
now added to the olive oil as a rule, and legally no olive oil need 
be used. It is still often made by the cold process or as a half- 
boiled soap, which means that all of the impurities present in the 
raw materials remain in the soap. Much however is boiled the 
same as any soap and the glycerine recovered. While white when 
fresh, Castile soap made by the cold process usually darkens on 
exposure to air and light, and develops a rancid odor. Aside from 
lathering in cold or tepid water, the virtues on which the reputation 
of Castile soap was built are largely present in other superfatted 
soaps. If made from oleic-acid oils, any su])erfatted soap is the 
commercial equivalent of Castile soap. Castile soap is quoted as 
olive oil castile in bar or powdered form. Olive oil foot soap 
in bars has a 68-70 per cent soap content. Powdered white 
neutral soap is also sold at a price much under powdered Castile, 
but is used for many of the same purposes. This should not be 
confused with soap powder, which is a crystallized mixture of 
soap with hydrated sodium carbonate, containing from 30 per cent 
of soap down to as little as 2 per cent. Soap powder is used for 
rough cleaning. 

Mottled soap is a low-grade soda soap originally mottled be¬ 
cause of incomplete mixing or use of impure alkali, but now inten¬ 
tionally produced of a mottled api)earance from red or blue and 
white soap. It is largely an export product. 
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Sodium abietate, NaOaCCioHoj^, is the water-soluble soap 
resulting’ from the reaction of caustic soda with ahietic acid, or 
commonly by the saponification of rosin, which is the anhydride 
of abietic acid, with caustic soda. The market for the yellow to 
brown substance is mostly for the manufacture of heavy metal 
abietates, and as a paper sizing. Sodium abietate is present in 
substantial quantities in brown or yellow soaps, where it serves to 
increase lathering power. 

Sodium ricinoleate, Na02C(CH2)7CH :CHCHo(OH)CH- 
(CH 2 ) 5 CH 3 , is the corresponding soap of ricinoleic acid, present 
in large proportion in castor oil. It is useful mainly as an emulsify- 
ing agent. 

Sodium sulforicinoleate is a water-soluble soap resulting 
from the sulfoliation and subsequent saponification of castor oil. It is 
of indefinite composition because of incomplete siilfonation. Sub¬ 
stantial amounts of sodium sulfate and other extraneous materials 
are present, as well as sodium ricinoleate from the saponification of 
unsulfonated castor oil, which contains a large proportion of glycer¬ 
ides of ricinoleic acid. It is sold in liquid form and used as an 
emulsifying and wetting agent. 

Sodium alkyl sulfates such as sodium lauryl sulfate, 

NaSOaCiiHoa, are not sold under their chemical names but under 
varied trade names, usually mixed with sodium sulfate. Similarly 
a series of sodium salts of organic sulfonates are sold. Both types 
are of importance as wetting agents in many industries, particularly 
in the textile field. Some have the properties of soap without 
forming insoluble calcium and magnesium salts in hard water. 

Potassium soaps differ from sodium soaps in being soft. 
They are often referred to as paste soaps. The corresponding salts 
exist as potassium stearate, potassium oleate, potassium palmi- 
tate, potassium abietate, and potassium ricinoleate. Practically, 
most soft soaps are either mainly potassium oleate or potassium 
soap made from coconut oil. While definite grades of potassium 
soaps are seldom offered as such, the paste soft soaps vary between 
30 and 60 per cent of actual soap content, the balance being water 
and glycerine. 

Green soap is a U.S.P. product. It is about a 40 per cent 
mixed soda and potash soap, with the soda soap predominating, 
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made from linseed oil. It may also he entirely a potash soap. Ex¬ 
cess alkali is intentionally present. Green soap is used as a 
medicinal agent. When 65 grams of the soap are mixed with 2 cc. 
of oil of lavender and diluted to 100 cc. with alcohol this consti¬ 
tutes tincture of green soap. The liquid must be filtered and 
again made up to volume with alcohol. 

Sodium glycerophosphate, Na 2 P 03 C 3 H 703 ,H 20 , is a water- 
soluhle organic phosphate obtained hy neutralizing glycero]3hos- 
phoric acid with soda ash. It is an N.F. rather than a U.S.P. 
material, and is used largely in medicine. It is available in powder 
form as well as in 50 and 75 per cent solutions. 

Potassium glycerophosphate, K 2 P 03 C 3 H 703 ,(H 20 )„, is 
a colorless to yellow doughy material extremely soluble in water. 
W'arming glycerine and mctaphosphoric acid together, neutralizing 
with potassium carbonate and concentrating* gives this salt. The 
salt and a 75 per cent solution are both sold for use in the manu¬ 
facture of medicinal preparations. 

Sodium cacodylate, Na(CH3)2As02,3H20, is a hydrated 
organic derivative of arsenic, very soluble in water and moderately 
soluble in alcohol. Made by the usual methods for organic-salt 
synthesis, the product is largely of U.S.P. grade, wdiich contains 
72-75 per cent of the anhydrous salt. It is expensive and its use 
as a medicinal is limited. 

Potassium ethyldithiocarbonate, potassium xanthate, po¬ 
tassium xanthogenate, or potassium ethylxanthogenate, 

KSi.COCoHr,, is prepared by reaction of potassium ethylate and car¬ 
bon disulfide and is sold as colorless or light yellow crystals, soluble 
in water and alcohol. It is used for medicinal purposes and as a 
fungicide for treatment of the soil. 

Sodium benzoate or benzoate of soda, NaO^CCoHr,, is very 
soluble in hot or cold water and moderately soluble in alcohol. 
It is made by neutralizing benzoic acid with sodium bicarbonate 
solution and crystallizing. It gives a slightly alkaline reaction in 
acjueous solution due to hydrolysis. Grades are U.S.P., which 
contains not more than 1 ])er cent of impurities on a dry l)asis, 
and technical. The purity of the latter a])proaches that of the 
U.S.P. grade. The major use is as a j)reservative for prevention of 
bacterial growth. Its inclusion in fixxl products must be declared 
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on the label. The usual amount as a preservative is 0.1 per cent 
but this is only effective at a proper degree of acidity. 

Sodium salicylate, Na 02 CCeH 40 H, is a salt very soluble 
in water, obtained by heating sodium phenolate with carbon dioxide 
under pressure. The U.S.P. grade contains not more than 0.5 per 
cent of impurities on a dry basis. It is used in some countries 
as a preservative in much the same way that sodium benzoate is 
used, although it is more expensive. Its use in food products is 
illegal in the United States, even if declared on the label. It is 
also used in medicine. 

Sodium metanilate, NaS 03 C 6 H 4 NH 2 , is the meta sodium 
sulfonate of aniline, sold either as a solid or in 20 per cent aqueous 
solution. It is prepared by neutralization of metanilic acid, which 
is an article of commerce, and is used in the manufacture of 
synthetic dyestuffs and drugs. 

Sodium sulfanilate, NaS 03 CeH 4 NH 2 , 2 H 20 , is the para 
sodium sulfonate produced by neutralizing sulfanilic acid, which 
is also a chemical of commerce. The white crystalline material 
is soluble in water and is used for the synthesis of dyes, inter¬ 
mediates and drugs. It is isomeric with sodium metanilate but 
much less expensive. 

Sodium sulfocarbolate or sodium phenolsulfonate, NaSOs 
C«H 40 H, 2 H 20 , is a water-soluble derivative of phenol or carbolic 
acid, prepared by sulfonating phenol and neutralizing with caustic 
soda. It is" used for its antiseptic properties. 

Sodium picramate, Na0C8H2(N02)2(NH2), is the yel¬ 
low, water-soluble salt obtained by neutralizing picramic acid with 
caustic soda. It is used in dye manufacture. 

Sodium or//ic?-chlorotoluene-/>ara-sulfonate, NaSOaCeHa- 
(CH 3 )C 1 , is the product of sulfonation of orf/to-chlorotoluene, 
neutralized to form the sodium salt. It is soluble in water and 
organic solvents and used in the synthesis of dyes, intermediates 
and drugs. 

Potassium guaiacol sulfonate,KS03C6H3(0H) (OCH3)OH, 
is moderately water-soluble and results from the sulfonation of 
guaiacol and neutralization with potassium hydroxide or carbon¬ 
ate. It is sold in powder form for medicinal use. 
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Sodium naphthionate or sodium fl//>/zflf-naphthylamine sul¬ 
fonate, NaS 03 Ci()H 6 NH 2 , 4 Ho 0 , is a water-soluble salt. It 
is obtained by sulfonating ai/>/m-naphthylamine by means of con¬ 
centrated sulfuric acid. After the reaction is complete and the 
product has cooled down, it is neutralized with caustic soda, filtered, 
and the filtrate concentrated to crystallization. It is sold as crystals 
or paste for use in synthetic organic chemistry, and for the detection 
of small amounts of nitrous acid. 

Sodium naphthenate is the mixture of water-soluble com¬ 
pounds of indefinite composition resulting from the neutralization 
of complex naphthenic acids derived from petroleum. Varied 
grades are sold as solutions in petroleum, often containing rela¬ 
tively minor amounts of sodium naphthenate but quoted on the 
basis of their actual content. The uses are varied but largely 
relate to emulsification or use as wetting agents. 

Schaeffer’s salt, NaSOaCioHcOH, is the water-soluble so¬ 
dium salt of 2 -naphthol 6-sulfonic acid and is prepared by 
the sulfonation of /?(?/a-naphthob purification and neutralization. It 
is used for the preparation of dyes and intermediates. 

G salt, (NaS 03 ) 2 CioH 50 H, is the sodium salt of 2 -naphthol- 
6 ,-8-disulfonic acid, prepared by the more complete sulfona¬ 
tion of ^e/a-naphthol than for Schaeffer’s salt, followed by 
neutralization. The white needles are soluble in water and are 
used in the manufacture of intermediates and azo dyes. A paste 
form is also sold. 

R salt, (NaS 03 ) 2 CioH 50 H, is the disodium salt of 2 - 
naphthol- 3 , 6 -disulfonic acid prepared from the proper sul¬ 
fonation of /^r^a-naphthol, followed by neutralization with alkali. 
It is used in the preparation of dyes and intermediates. 

Sodium alginate is a salt of alginic acid, derived from sea¬ 
weed, which dissolves or disperses in water. The composition 
is indefinite. It is used as an emulsifying agent, and in boiler 
compounds. 

Vegetable potash is a distillery waste by-product from the 
molasses mash used for alcohol production. It is relatively low 
in potash and is sold as a bulk product for use in mixed fertilizers. 
It is sold in varied forms, including the ash, and the ash treated 
with sulfuric acid to convert the compounds to sulfates. 



CIIAPTKR VII 


AMMONIUM AND LITHIUM COMPOUNDS 

Ammonia, NH3, presents the unusual case of a chetnical 
compound of nitrogen and hydrogen which acts as an element. It 
is a gas which dissolves in water to give an alkaline solution, am¬ 
monium hydroxide, discussed under “Alkalies,” where the manu¬ 
facture of ammonia is also covered. The solution reacts with acids 
to form a series of salts, com])arable to those of the alkalies, many 
of which are of industrial importance. In these the ammonium 
radical, NH4, is the equivalent of Na in sodium salts. Ammonium 
salts are often incorrectly termed ammonia salts, just as the aqueous 
solution is often referred to as ammonia. Nearly all of the salts 
are white and water-soluble, and have other properties closely 
related to those of corresponding sodium or potassium compounds. 

Ammonium sulfate, (NH 4 )oS 04 , is an extremely water- 
soluble salt which is an important form of crude fixed ammonia. 
By distillation of the crude washings of coal gas mixed with lime, 
ammonia is liberated and absorbed in sulfuric acid. Lower grades 
are off-color due to traces of tars present. While at one time large 
amounts were imported, the material has become an export prod¬ 
uct. Its major use is in fertilizers. A typical minor use is as a 
flux for soldering and for the galvanizing of iron. 

Ammonium persulfate, (NH4)2S208, is a very soluble salt 
obtained by electrolyzing a concentrated solution of ammonium 
sulfate or bisulfate. It is used as an oxidizing and bleaching 
agent in oxidizing copper and in bleaching oils. It is also used 
for the manufacture of potassium persulfate. 

Ammonium sulfide is a very soluble salt which can be ob¬ 
tained as a solid only with great difficulty. The theoretical com¬ 
position is (NID^S. A polysulfide, (NH 4 ) 2 S.-,, also exists. The 
commerical product is normally a solution of ammonium hydro- 
sulfide, NH4HS. This is prepared by saturation of ammonium 
hydroxide with hydrogen sulfide gas. Uses are for producing sul¬ 
fide finishes on metals such as copper, brass and silver, often known 
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as oxidized finishes. It is also used to denitrate nitrocellulose 
products. 

Ammonium chloride or sal ammoniac, NH4CI, is very 
soluble in water, even when cold, and slightly soluble in alcohol. 
It is produced by methods similar to those described for ammonium 
sulfate, the ammonia being absorbed in hydrochloric acid. Am¬ 
monium chloride is a by-product of the ammonia-soda process and 
may also be obtained from metal pickling liquors containing ferrous 
chloride, by neutralization with ammonia. A U.S.P. grade is 
furnished in granular form, containing not more than 0.5 per cent 
of impurities, on a dry basis. The term sal ammoniac is usually 
applied to the crude grade which is off-color. White, granular, 
technical material is often so designated. Numerous applications 
include as soldering flux, as electrolyte in dry cells, in fertilizers, 
in textile printing and in medicine. 

Ammonium bromide, NH 4 Br, is very soluble in cold water 
and extremely soluble in hot. It also dissolves in alcohol and ether. 
It is prepared by the reaction of bromine and ammonium hydroxide. 
The U.S.P. grade contains not more than 1 per cent of impurities, 
on a dry basis. Ammonium bromide is used for its bromide content 
in medicine, and as a precipitating agent for silver salts in pho¬ 
tography. 

Ammonium iodide, NH4I, is extremely soluble in water and 
very soluble in alcohol. It is prepared by neutralizing hydriodic 
acid with ammonium hydroxide, and is used in medicine and in 
the photographic industry. 

Ammonium fluoride, NH4F, is very soluble in cold water, 
is decomposed by hot water and is slightly soluble in alcohol. It 
is manufactured by fully neutralizing hydrofluoric acid with am¬ 
monium hydroxide. Ammonium fluoride is used as a strong anti¬ 
septic and preservative, as an etching agent for glass, and in 
treatment of soils. 

Ammonium bifluoride or ammonium acid fluoride, NH4HF2, 
is a very soluble salt obtained by half-neutralizing hydrofluoric 
acid with ammonium hydroxide, and crystallizing. It is used 
for etching glass, as a sterilizing agent and as a textile sour. 

Ammonium fluosilicate or ammonium silicofluoride, 
(NH 4 )oSiF 6 , is a very soluble salt prepared by methods analagous 
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to those described for sodium silicofluoride. It is used for similar 
purposes to those for the latter compound, and has a greater 
solubility in water. 

Ammonium perchlorate, NH4CIO4, is the very soluble salt 
obtained by neutralizing perchloric acid with ammonium hydroxide. 
It is a very strong oxidizing agent and is used in explosives and 
pyrotechnics. 

Ammonium nitrate, NH4NO3, is extremely soluble in water 
and moderately soluble in alcohol. It is produced by neutralizing 
nitric acid with ammonium hydroxide. The great solubility of 
the salt and its small molecular weight recommend it for lowering 
the freezing point of water. It decompc)ses on heating, produc¬ 
ing a large volume of gases. These two properties make the 
technical product useful in freezing mixtures, and in explosives, 
respectively. The high nitrogen content makes it of value in 
fertilizers. 

Ammonium phosphate is a general rather than a specific 
term. Monoammonium phosphate, primary ammonium phos¬ 
phate, or monobasic ammonium phosphate, (NH4)H2P04, is 
very soluble in cold water and extremely soluble in hot. It results 
from neutralizing phosphoric acid with one-third its equivalent of 
ammonium hydroxide. A pure grade is sold for use in medicine. 
It is used to some extent as a fireproofing agent for textiles. A 
fertilizer grade combines in one salt both fixed nitrogen and phos¬ 
phate, and is quoted on a basis of 11 per cent nitrogen and 48 
per cent phosphorus pentoxide. Diammonium phosphate, 
secondary ammonium phosphate or dibasic ammonium phos¬ 
phate, (NH4)2HP04, is very soluble in water. It is produced 
by neutralizing phosphoric acid with two-thirds the equivalent 
amount of ammonium hydroxide. Monoammonium phosphate is 
apt to be present. An N.F. V grade is used in medicinals. The 
technical grade is probably the best known textile-fireproofing 
agent, although it has the disadvantage of water solubility. It is 
also a fertilizer material. The theoretical triammonium phos¬ 
phate, (NH4)3P04, can be produced, but on exposure to air 
gives oflf ammonia to form the diammonium compound. It is 
therefore relatively unimportant. 
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Ammonium hypophosphite, NH4H2PO2, is an alcohol- and 
water-soluble salt obtained by neutralizing hypophosphorous 
acid with ammonium hydroxide. It is used in medicine and as a 
reducing agent. 

Ammonium carbonate, sometimes called ammonium crys¬ 
tals, is a salt which is very soluble in water. The theoretical 
composition is (NH4)2C03. It is obtained as the sesquicarbon- 
ate or commercial form by heating together ammonium sulfate 
and chalk, condensing and resubliming the vapors. The 
commercial product is a mixture of ammonium bicarbonate, 
NH4HCO3, and ammonium carbamate, NH4NH2CO2, con¬ 
taining about 31 per cent of ammonia, 57 per cent of car¬ 
bon dioxide and 12 per cent of combined water. Absorption 
of carbon dioxide tends to revert the carbamate to the 
bicarbonate. It is more of theoretical than practical interest that 
the carbonate results from saturation of a concentrated solution 
of the bicarbonate with ammonia, since this has a very definite ten¬ 
sion of ammonia when exposed to air, and therefore decomposes 
readily. The mixed bicarbonate-carbamate is sold in U.S.P. 
lump, cube and powder forms for medicinal use, a grade which 
yields 30-32 per cent of anhydrous ammonia. Technical grades 
are used for various purposes as in smelling salts, for the manu¬ 
facture of special ammonium salts, in fire-extinguishing compounds, 
in rubber accelerators, etc. 

Ammonium bicarbonate, ammonium acid carbonate or am¬ 
monium hydrogen carbonate, NH4HCO3, is very soluble in 
water. It results from saturating a solution of ammonium 
carbonate with carbon dioxide. The bicarbonate is unstable and 
readily loses carbon dioxide. Ammonium carbonate may there¬ 
fore be present as an impurity. The acid salt is used in medicine 
to some extent. Since it contains over 50 per cent of carbon 
dioxide it is an ingredient of some fire-extinguishing compounds. 

Ammonium bichromate or ammonium dichromate, 
(NH4)2Cr207, is an orange salt, very soluble in water and soluble 
in alcohol. It is prepared by neutralizing chromic acid with am¬ 
monium hydroxide, and is used for many of the same purposes as 
sodium or potassium bichromate, when there are special reasons 
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justifying the higher price of the ammonium salt. It decomposes 
on heating and therefore has some use in pyrotechnics. 

Ammonium borate, ammonium biborate or ammonium acid 
tetraborate, NH4HB407,3H20, is a water-soluble salt obtained 
by the reaction of boric acid and ammonium hydroxide. Struc¬ 
turally it is an acid salt, although its aqueous solution is slightly 
alkaline. Commercially, several different compositions have been 
sold. It is used in medicine, as a fire-proofing agent and in con¬ 
denser electrolytes. 

Ammonium thiocyanate, ammonium sulfocyanide, ammon¬ 
ium sulfocyanate or ammonium rhodanide, NH4SCN, is deli¬ 
quescent, extremely soluble in water, and soluble in alcohol. It 
is prepared by reaction of ammonium cyanide and sulfur, and is 
used for the preparation of related compounds such as thiourea, 
in photography, and in the dyeing and printing of textiles. 

Ammonium oxalate, (NH4)2C204,H20, is very soluble in 
hot water and moderately soluble in cold. It is obtained by the 
reaction of oxalic acid with ammonium hydroxide. Ammonium 
oxalate is sold in crystalline and powdered form for the manufac¬ 
ture of special explosives and for removal of corrosion from 
metals. 

Ammonium acetate, NH4O2CCH3, is the extremely solu¬ 
ble hygroscopic salt obtained by the reaction of strong acetic 
acid and ammonia gas. It is also soluble in alcohol. A U.S.P. 
solution contains 6. 5 - 7.5 grams of the salt per 100 cc. of solution. 
It is used in dyeing and as a medicinal. 

Ammonium lactate, NH4O2CCHOHCH3, is a clear, syrupy, 
hygroscopic liquid, colorless or more often slightly yellow, with 
a slight odor of ammonia. When warmed it loses its ammonia 
content. It is miscible with water or alcohol. Uses are in elec¬ 
troplating and in leather tanning and finishing. 

Ammonium citrate, (NH 4 ) 3 C 6 Hr, 07 , is water-soluble and 
slightly alcohol-soluble. It is produced by neutralizing citric acid 
with ammonium hydroxide and is very deliquescent. Uses are in 
rustproofing and in cotton printing. 

Ammonium soaps or ammonia soaps result from the reac¬ 
tion of the appropriate fatty acid with ammonium hydroxide. 
Unlike sodium and potassium soaps these are not sold as deter- 
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gents for general use. They have an appreciable vapor pressure 
of aniinonia and therefore on continued exposure will decom¬ 
pose, leaving the fatty acid as a residue. These soaps are often 
present as minor ingredients in other products. Several indi¬ 
vidual ammonium soaps are sold as such, particularly for use 
in the manufacture of toilet preparations and emulsions. All 
are made by neutralization of the corresponding acid with am¬ 
monia. Quotations for ammonia soaps are substantially higher than 
the combined cost of the fatty acid and ammonium hydroxide. In 
many cases the fatty acid and ammonium hydroxide can be incor¬ 
porated individually in the product during manufacture, in prefer¬ 
ence to use of the preformed soap. 

Ammonium laurate, NH402CCnH23, is a tan-colored paste, 
very soluble in water and soluble in alcohol or ether. It is used 
in cosmetic prcxlucts and as an emulsifying agent. 

Ammonium oleate, NH 402 C(CH 2 ) 7 CH ;CH(CH2)7CH3, 
is similar in properties and uses to the laurate. The general term 
ammonia soap, usually refers to the oleate. Ammonium lin- 
oleate, NH402CCi7H:n, is sold as an anhydrous 80 per cent 
product and is used similarly to the laurate. Ammonium ricin- 
oleate, NH4O2CC17H32OH, is white and similar in uses to 
the laurate. 

Ammonium stearate, NH402C(CH2)igCH 3, is an am¬ 
monium soap, a white or yellow to tan mass or powder. Both 
anhydrous solid and paste forms are sold. It is used as an emulsi¬ 
fying agent, as a waterproofing agent in concrete, and in the 
j)reparation of other stearates. 

Ammonium naphthenate is the indefinite pasty mixture 
formed by neutralizing naphthenic acids, obtained as a mixture 
from petroleum, with ammonium hydroxide. The material is used 
in much the same way as ammonium soaps of fatty acids. 

Ammonium benzoate, NH 402 CCGHr„ is a water-, alcohol- 
and glycerine-soluble salt of benzoic acid, prepared by neutralizing 
benzoic acid with ammonium hydroxide. The U.S.P. salt con¬ 
tains not more than 2 per cent of impurities after drying over 
sulfuric acid. It is sold as a powder for use as a preservative. 

Ammonium salicylate, NH4O2CC6H4OH, is a very soluble 
salt obtained by neutralizing salicylic acid with ammonium 
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hydroxide. The U.S.P. grade is similar to that of ammonium 
benzoate. Ammonium salicylate is used in medicine and as a 
preservative. 

Lithium, Li, is one of the alkali metals closely related to 
sodium and potassium, but is less active than these. It is found 
in the minerals petalite and lepidolite. Some lithium salts occur 
in the soil and in mineral springs. Few compounds are common 
in commerce. The relatively high price of the compounds is one 
limitation on their use. In general lithium salts are white and 
water-soluble. 

Lithium carbonate, Li2C03, is relatively insoluble in water. 
It is precipitated from an aqueous solution of lithium chloride 
by adding sodium carbonate. Some lithium chloride and so¬ 
dium carbonate may be carried down with the precipitate. It 
is used in medicine and in artificial mineral waters. 

Lithium chloride, LiCl, is very soluble in cold water and 
exceedingly soluble in hot. It is also soluble in alcohol and ether. 
The compound is produced by solution of lithium carbonate or 
lithium hydroxide in hydrochloric acid and crystallization. It is 
used in mineral waters and pharmaceuticals. Since lithium gives 
a red color in a flame, the salt is used in pyrotechnics. 

Lithium bromide, LiBr, is extremely soluble in water. It 
results from the reaction of lithium carbonate or lithium hydroxide 
with hydrobromic acid and is used in medicine and in photography. 

Lithium iodide, Lil, is similar to the bromide in properties. 
The method of preparation is the same except that hydriodic acid 
replaces hydrobromic acid. The uses are similar. 

Lithium fluoride, LiF, is only slightly soluble in water. It 
results from the treatment of lithium carbonate with hydrofluoric 
acid. The limited use of this material is largely in the ceramic 
industry. 

Lithium citrate, LiaC 6 H 507 , 4 H 20 , exists as deliquescent 
crystals, very soluble in water and also soluble in alcohol and 
ether. The aqueous solution is alkaline. It is prei)ared by the 
reaction of citric acid with lithium carbonate and is used in 
medicine. 
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CALCIUM COMPOUNDS 

Since calcium compounds are one of the major ingredients of 
the earth’s crust numerous relatively low-priced derivatives are 
important in the chemical industry. In general the compounds in 
pure form are white. 

Calcium, Ca, is a silver-white metal which reacts with water 
much as sodium does but less actively. It is prepared by electro¬ 
lyzing fused calcium chloride. Its oxide, lime, CaO, is the source 
of an important alkali, calcium hydroxide. From this is derived 
the popular terminology for calcium compounds of lime com¬ 
pounds or lime salts. 

Calcium carbonate, CaCOa, appears on the market in many 
forms and depends on its relative insolubility in water for many 
of its uses. In finely divided form it renders water distinctly 
alkaline. It is soluble in acids because it reacts to form the corre¬ 
sponding calcium salt and liberate carbon dioxide. This reaction 
proceeds more rapidly if the resulting salt is a soluble one, than 
if it is relatively insoluble. Many of the forms of calcium carbonate 
are sold in massive units. Limestone used for building pur¬ 
poses is a naturally occurring material. In broken pieces it is 
used as a metallurgical flux. Some limestone is relatively low 
in calcium carbonate, dolomitic limestone containing roughly 60 
per cent of calcium carbonate and 40 per cent of magnesium car¬ 
bonate. For many purposes the magnesium-salt content is equiva¬ 
lent to the calcium salt. Marble is a crystalline form, often 
beautifully colored by traces of impurities. Chalk as a mineral, 
is another form of naturally occurring calcium carbonate. These 
natural forms of calcium carbonate merely have to be quarried. 

Marble chips, recovered in the quarrying of marble slabs 
and blocks, are sold of various sizes. They are used as fillers in 
many types of artificial stone and as low-cost bulk-producers. They 
are sometimes used for neutralization of acids, a convenient method 
which requires little attention, because an excess of the neutraliz- 
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ing agent will not dissolve. This use is in competition with lime 
and with the soluble alkalies. 

Marble flour or marble dust is similar in nature to the chips 
but more finely ground. Since it is a low cost product and since 
marble is widely distributed, local supplies are normally used. It 
serves the same purposes as the chips. Various degrees of fineness 
are obtainable. Some grades are used as abrasives in paste hand 
soaps. 

Whiting is ground natural calcium carbonate. Usually it 
is about a 98 per cent grade, the balance being natural contaminants 
such as silica, iron, aluminum and magnesium. Whiting of various 
grades, including those given below, is used as an inexpensive filler 
in rubber and various other products, as a pigment extender in 
paints, especially of the water type, and as an abrasive for varied 
purposes. Such an extender for pigments is inexpensive and 
differs from a true pigment both in particle size and, what is more 
important, index of refraction. This index differs substantially 
from that of the vehicle in the case of a true pigment but differs 
much less for an extender. The result of small difference in the 
index of refraction is low hiding power. 

Limestone whiting is ground limestone, a grade not as soft 
as chalk whiting. Typical grades by particle size of the dry- 
ground and air-floated material arc 93 per cent through 200 mesh, 
95-98 per cent through 200 mesh, 99 per cent through 200 mesh 
and 99 per cent through 300 mesh. The wet-ground, water-floated 
material is sold as gilders, gilders extra and putty grades. Many 
other special.grades are prepared and sold. 

Chalk whiting means the crude material from natural chalk 
cliffs which has been ground, washed and dried. Commercial dry- 
ground is the coarsest grade. Wet-ground is somewhat finer. 
Gilders-bolted is the next grade and extra bolted is even finer. 
Paris white is the finest grade and is English cliffstonc. 

Precipitated whiting is obtained by chemical reaction. This 
may be made with soluble calcium and carbonate salts, such as 
calcium chloride and sodium carbonate, or with carbon dioxide 
and limewater. 

Precipitated calcium carbonate or precipitated chalk is a 

better quality of material, made by the reactions indicated for 
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precipitated whiting. It is of heavy, light, and extra light grades, 
referring to bulk density. The U.S.P. grade contains not more 
than 2 per cent of impurities on a dry basis. Aside from uses 
similar to those outlined for whiting, it is an ingredient of cosmetics 
and an abrasive in tooth paste. 

Prepared chalk or dropped chalk is a U.S.P. product. It 
is natural calcium carbonate freed from impurities by washing, and 
when dried to constant weight at 200 ® contains not less than 97 per 
cent of calcium carbonate. Varied uses include treatment of burns, 
administration as an antiacid, etc. 

Putty is a flexible mixture of whiting and linseed oil used 
by glaziers for holding glass in place. It is also used as a crack 
filler and for some miscellaneous applications. Putty sets by drying 
of the oil, due to oxidation. Various grades sold are commercial, 
raw linseed, refined linseed and standard. Some putty has pigment 
added to give increased whiteness and opacity, but this is not 
standard practice. 

Roasting calcium carbonate gives calcium oxide, lime, or 
quicklime, CaO. The decomposition is promoted by removing 
the carbon dioxide produced, by means of a strong current of air. 
It reacts with water to produce hydrated lime which is slightly 
soluble. The rate of this reaction is highly variable as a result of 
different conditions of burning and varying compositions. Com¬ 
mercial forms of lime are lump or pebble, ground, fine-ground, 
and hydrated. As the hydrate it is an alkali, which has already 
been discussed under that subject. Lime is used as a general source 
of calcium, in soil treatment, in plaster, in rubber, in the manufac¬ 
ture of many chemicals, as a clarifying agent when suspended in 
water, and for many purposes as the hydrate. 

Calcium sulfate is another compound of calcium nearly in¬ 
soluble in water. It occurs in nature as the dihydrate, CaS04,2IL0, 
known as gypsum, deposits of which are widely distributed. It 
may have varying colors due to natural impurities. Calcium sulfate 
occurs to a lesser extent in the anhydrous form as anhydrite, CaS04. 
The term gypsum is rather loosely used in the trade, often referring 
to calcium sulfate in any form. When calcined to the hemihydrate, 
CaS04,L2H20, it is known as plaster of Paris. In a fine 
grade this is sold as Dental plaster. Since plaster of Paris sets 
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rapidly on mixing with water, organic retarders such as glues or 
casein are added. In that form it is one of the most common 
building plasters, since, mixed with sand, it sets in a few hours by 
rehydration to gypsum. Other forms are Keene’s cement and 
stucco gypsum. Plaster of Paris and its modified forms are 
used for many types of casting, coating, etc. Ground gypsum is 
an inexpensive filler in many products. It competes witli chalk. 
Precipitated forms resulting as by-products in other industries 
are used as mild polishing agents, as in tooth paste. Terra alba 
is a form sold in domestic and imported grades. 

Satin white is a grade of white pigment containing calcium 
sulfate, lime and aluminum hydroxide. It is made by the precipita¬ 
tion of aluminum sulfate with lime. This results in the formation of 
calcium sulfate and aluminum hydroxide, but excess lime is usually 
present. Calcium aluminate may also be present. It is sometimes 
called satin spar but that term is more correctly applied to 
varieties of calcium carbonate and of calcium sulfate which have 
a satiny luster. Various uses as pigment include the surfacing of 
paper, as a base for lakes, in paint manufacture, as a filler in 
various compositions, etc. It is inexpensive as compared with 
pigments, but expensive as compared with pigment extenders. 

Calcium sulfide, CaS, is nearly insoluble in water but soluble 
in acids. It results from heating the sulfate with charcoal or 
coke, or by heating lime in a current of hydrogen sulfide. The 
aqueous solution hydrolyzes to give an alkaline reaction and 
the odor of escaping hydrogen sulfide gas. Crude calcium sul¬ 
fide or sulfurated lime contains some unreduced sulfate. It is 
sold as a 75 per cent grade passing through 100 mesh, and 
as an 83-85 per cent grade. The combination of alkali and 
sulfide in water rapidly attacks the hair on animal skins and 
is the basis of its use both as a depilatory in the tanning indus¬ 
try and in cosmetics. Luminous sulfide, 120 mesh, is another 
commercial form. This is used in luminous paint, as it will 
glow' in the dark after previous exposure to sunlight. It owes 
this property to the presence of impurities such as bismuth, 
vanadium and rare earths. 

Lime-sulfur is a yellow to grey complex mixture formed 
on heating lime-water with flowers of sulfur. It contains 



CALCIUM COMPOUNDS 


75 


multiple sulfides such as CaS 2 and CaS^ and some sulfate. It 
is sold dry, or more commonly as a slurry, and is used as a 
fungicide. 

Calcium chloride, CaCb, is an extremely soluble salt of cal¬ 
cium. It forms many hydrates of which CaCl2,2H20 and 
CaCl2,6H20 are typical. It occurs in natural waters in many 
places and is obtained commercially as a by-product in many 
industries, as in the Solvay process for making sodium car¬ 
bonate. Much is wasted for lack of a market but the expense 
of recovery maintains the price at a surprisingly high level. 
While the anhydrous salt can be made by heating the hydrate 
in a stream of hydrogen chloride, it is unimportant. Commer¬ 
cial grades are flake, 77-80 per cent, and solid, 73-75 per cent. 
A 40 per cent solution is also sold. The U.S.P. salt is the di¬ 
hydrate, containing 75-85 per cent of anhydrous calcium 
chloride. Because of its great solubility it is employed to 
prepare solutions used at low temperatures in refrigeration. A 
mixture of the salt with its solution and ice does not attain 
equilibrium until a temperature of —55® C. is reached. Other 
uses are for laying dust on roads and in subways. This is due 
to the ability of the salt to take up water from the atmosphere 
and thus remain moist. Numerous unsuccessful attempts 
have been made to use its solutions as a cooling medium in 
automobile radiators, but this practice is objectionable because 
of corrosion. 

Calcium hypochlorite, Ca(OCl) 2 , is slightly soluble in 
water, and gives an odor of free chlorine, because of hydrolysis. 
The theoretical compound, Ca(OCl) 2 , is less important than 
a dou])le salt CaCl(OCl) sold as bleaching powder, chloride of 
lime or chlorinated lime. This is the product resulting from 
passing chlorine gas over slaked lime in thin layers. The 
reaction is never complete and the aqueous solution of the 
product IS always basic in reaction. It gradually decomposes 
in the air and is therefore handled in sealed drums or in small 
cans. In essence these products merely furnish a means of 
handling chlorine, and are of value for their bleaching and 
disinfectant action. Calcium hypochlorite is evaluated at about 
65 per cent available chlorine and bleaching powder at 35-37 
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per cent. Applications are in milk ])lants, textile bleaching, 
water sterilization, etc. Use of these calcium compounds lias been 
declining for many years because of the development of 
niethods for the direct handling and use of chlorine on the 
one hand, and the sale of chlorine bleach liquor, which is 
sodium hypochlorite, on the other. 

Calcium bromide, CaBr 2 , is a deliquescent salt, very soluble 
in water or alcohol. It forms hydrates, CaBr2,2H20 and 
CaBr2,6H20. The major properties are similar to those of the 
chloride. It is produced by the reaction of calcium carbonate, 
oxide or hydroxide with hydrobromic acid. The U.S.P. grade 
is the dihydrate, containing 84-94 per cent of the salt on a dry 
basis. The usual commercial grade is the hexahydrate. Be¬ 
cause of its relatively high price its sale is limited. Typical 
uses are in medicine and photography. 

Calcium iodide, CaT 2 , is a deliquescent and exceedingly 
soluble salt prepared by the solution of calcium oxide, hy¬ 
droxide or carbonate in hydriodic acid. It forms a hydrate, 
Calo^OHjO and is used in medicine. 

Calcium fluoride, fluorite, or fluorspar, CaFj, occurs na¬ 
turally. It is insolul)le in water, only slightly soluble in con¬ 
centrated acids and is the principal commercial source of 
fluorides. It contains various impurities, so that the mineral 
may be found in almost every color. Calcium carbonate, silica, 
lead, zinc and iron are among the contaminants which may be 
present. Both domestic and foreign grades reach the market 
under such classifications as acid-grade, 98 per cent; enamelers, 
96-98 per cent; standard washed gravel, 85 per cent; and pow¬ 
dered, 97 per cent. Aside from l)eing a source of fluorides it 
is used in metallurgy, as in open hearth steel furnaces, and in 
the manufacture of opalescent glass and enamelware. 

Calcium phosphate, or calcium orthophosphate, may refer 
to any of three salts. Monocalcium phosphate, monobasic cal¬ 
cium phosphate, or primary calcium phosphate, CaH4(P04)2, 
H 2 O, is moderately soluble in cold water. It is made by the 
appropriate degree of neutralization of phosphoric acid with 
lime or calcium hydroxide. Its aqueous solution is slightly 
acid. A highly ])urified grade is used in baking powder. It 
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is the major active ingredient of superphosphate, a fertilizer 
material. 

Dicalcium phosphate, dibasic calcium phosphate or sec¬ 
ondary calcium phosphate, CaHP 04 , 2 H:» 0 , is almost insoluble 
in water. It is precipitated by the reaction of calcium chloride 
and disodium orthophosphate. A precipitated grade contain¬ 
ing the equivalent of 38-42 per cent of phosphorus pentoxide 
is sold for use in special fertilizers and medicine. 

Tricalcium phosphate, tribasic calcium phosphate, or ter¬ 
tiary calcium phosphate, Ca3(P04)2» is an insoluble compound 
which may be produced by the reaction of calcium chloride, 
trisodium phosphate and ammonia. It is used in ceramics, in 
making porcelain, enamel and milk-glass. A precipitated form 
is used as an abrasive in products such as tooth paste. Bone 
ash consists principally of tricalcium phosphate and is used for 
the same purposes. Phosphate rock, which occurs naturally, 
consists largely of tricalcium phosphate. It is quarried in 
different places, such as in Florida, where it is sold as high 
grade, hard, 77 per cent; and land-pebble, 68, 70, 72, 74, 75, 
and 76 per cent minimum. The Tennessee rock is sold in 72 
and 75 per cent grades. Phosphate rock is the primary source 
of phosphorous compounds. 

Superphosphate is a mixture of hydrated monocalcium acid 
phosphate and calcium sulfate, produced by the action of sul¬ 
furic acid on phosphate rock. It is quoted on the basis of 
phosphorus pentoxide, P^Or,, content. Grades sold are guaran¬ 
teed 16 per cent run-of-pile, basis 16 per cent; and triple, 
44-45 per cent. It is used in fertilizer as a source of available 
phosphate. 

Bone is recovered from animals after the other parts are 
utilized. It is mainly valuable because of its phosphorus con¬ 
tent, since the principal constituent is tricalcium phosphate. Or¬ 
ganic nitrogen compounds are also i)resent. Steamed bone 
meal is produced by steaming the bones under pressure and 
then drying and grinding. Typical grades sold are raw, Ay 2 
per cent ammonia, 50 per cent phosphate, steamed lJ/4 per cent 
ammonia, 60 per cent phosphate; or 1”134 ammonia, 60- 

70 per cent phosphate; steamed bone meal, domestic, 3 per cent 
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ammonia, 50 per cent phosphate; and imported grades. It is 
used in fertilizer mixtures, furnishing both nitrogen and phos¬ 
phorus. 

Hoof meal, which consists largely of tricalcium phosphate, 
is prepared by cooking the hoofs of animals until they become 
friable,—drying and grinding. A typical grade contains the 
equivalent of 17-18 per cent of ammonia. It is used in fertilizer 
mixtures. 

Calcium hypophosphite, Ca(H2P02)2, is very soluble in 
water. It is produced by neutralization of hypophosphorous 
acid with lime or calcium hydroxide, and is used in medicine. 

Calcium nitrate, lime nitrate, or lime saltpeter, Ca(NO:0 j, 
is an extremely soluble, deliquescent salt. The usual form is 
a hydrate, Ca(N 03 ) 2 , 4 H 2 C). It is produced in the arc process 
for fixing atmospheric nitrogen, when oxides of nitrogen arc 
converted to nitrates with lime as the alkali. The same re¬ 
action applies when ammonia is catalytically oxidized to nitric 
acid. It may be used as fertilizer or treated as an intermediate 
stage in the preparation of other nitrates. 

Calcium carbide, CaC 2 , is unstable in the presence of water, 
reacting to liberate acetylene and forming hydrated lime. It 
is manufactured by heating lime and carbon together in an 
electric furnace. The once important market for production 
of acetylene as an illuminant, has dwindled almost to the van¬ 
ishing point. The corresponding market for production of 
acetylene for use as an intermediate in synthetic organic chem¬ 
istry is growing, rather than declining. If nitrogen is present 
in the electric furnace as used for the manufacture of calcium 
carbide, further reaction occurs, forming calcium cyanamide, 
CaCN 2 , called in the trade simply cyanamide. This is a black 
lump or powdered material. It reacts slowly with water to 
liberate ammonia and formed the basis of one process for 
the fixation of nitrogen. While important at the time of the 
World War, this process is fast becoming obsolete because 
of the economies of direct synthesis. The commercial grade 
contains 21-22 per cent of nitrogen and is sold at quotations 
per ammonia unit. Cyanamide is used as an intermediate stage 
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in the manufacture of other chemicals, in metallurgy and as 
a fertilizer. 

Calcium silicate, or tricalcium silicate, is a complex ma¬ 
terial which is not an article of commerce as such. Cement or 
Portland cement is a grey, finely powdered calcium-silicate 
material which sets after mixing with water, and which is be¬ 
lieved to form hydrated tricalcium silicate along with some 
dicalcium silicate. It is insoluble in water but nearly com¬ 
pletely soluble in hydrochloric acid, either before or after 
setting. White cement differs only in the more careful selec¬ 
tion of raw materials for freedom from iron. Cement is made 
by fusion of marl, or a mixture of chalk or limestone, and clay 
or shale. After heating, the resulting clinker is ground. Some¬ 
times the original mixture is ground wet and passed to the 
kiln in the form of a slurry. This meets with hot gases which 
dry it out, and then it goes to a hotter zone where lime com¬ 
bines with silica and alumina and the mass partially fuses. The 
clinker is then ground to the desired fineness. 

Cement is a standard item from various manufacturers, 
and conforms to specifications of the American Society for 
Testing Materials. An average composition is SiOo, 21.85 
per cent; Fe 203 , 2.62 per cent; AI 2 O 3 , 7.03 per cent; CaO, 62.5 
per cent; MgO, 2.06 per cent; SO 3 , 1.38 per cent; and loss on 
ignition, 1.80 per cent. Maximum allowances are loss on igni¬ 
tion, 4.00 per cent; residue insoluble in hydrochloric acid, 0.85 
per cent; SO 3 , 2 per cent; MgO, 5 per cent. The ratio of lime 
to silica and alumina, calculated in chemical equivalents, is to 
be between 2 and 2.9. There are also physical specifications. 
Cement is the binding agent used in making concrete for all 
kinds of structural purposes—roads, dams, piers, bridges, 
buildings, ornamental work on buildings, etc. Mortar is the 
general term used for a mixture of 3 parts of sand and one of 
Portland cement by volume, when mixed with water. Con¬ 
crete is this same mixture with substantial volumes of crushed 
stone added, usually 3 to 5 volumes. Calcium silicate is there¬ 
fore one of the important water-insoluble calcium salts, al¬ 
though not quoted as such. Aluminous cement or ciment 
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fondu is similar to Portland cement but has a high aluminum 
content and is quicker setting. 

Calcium arsenate or tricalcium arsenate, Ca3(As04)2,3Ho0, 
is very slightly soluble in water. It is produced by the reaction 
of sodium arsenate and calcium chloride. It is used as an in¬ 
secticide in large volume, particularly against the boll weevil. 
It is also a fungicide. Application is by dusting, the solubility 
being so low that it remains effective for a relatively long time 
rather than being quickly dissolved away by rain water. 

Calcium ferrocyanide, Ca2Fe(CN)G,12H20, is a yellow 
crystalline compound, only slightly solul)le in cold water but 
very soluble in hot. It occurs as an intermediate in the manu¬ 
facture of the sodium salt and is also produced from Prussian 
blue and lime by heating with steam and crystallizing. Uses 
are varied, such as in precipitation of iron present as impurity in 
organic acid solutions, preparation of other ferrocyanides, etc. 

Calcium acetate, Ca(02CCH3)2,H20, is very soluble in 
water and slightly soluble in alcohol. It has numerous other 
names such as lime acetate, acetate of lime, vinegar salts, etc. 
The pure form is made by reaction of acetic acid with slaked 
lime. Formerly it was prepared in large amounts from the 
crude pyroligneous acid resulting from wood distillation. As 
such it was known as brown acetate, gray acetate, or lime 
pyrolignite. Many factors have combined to reduce the im¬ 
portance of wood distillation, principally synthetic methods 
for the production of methyl alcohol, acetone and acetic acid. 
The crude calcium acetate is washed and otherwise purified, 
after which it is decomposed with sulfuric acid and the purified 
acetic acid distilled. Similarly calcium acetate is dry-distilled 
to produce acetone. Further decline in these uses can be ex¬ 
pected. The calcium acetate is mainly a stage in purification 
of acetic acid or in the production of acetorTe, not an end- 
product. Good-quality salt is used to a limited extent as a 
mordant in the dyeing and printing of textiles. 

Calcium lactate, Ca[02CCH(0H)CH3]2, very soluble in 
cold water, extremely soluble in hot and slightly soluble in 
alcohol. It is formed by the reaction of calcium carbonate with 
lactic acid. The U.S.P. grade is a pentahydrate containing 
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25-30 per cent of water and not more than 2 per cent of other 
impurities. It is used in medicinals and food products as a 
source of assimilable calcium. 

Calcium glycerophosphate, Ca(C3H706P)2, is a hygroscopic 
water-soluble material produced by the reaction of glycerine 
with phosphoric acid, and subsequent neutralization with lime 
slurry. It is used in medicine. 

Calcium soaps are water-insoluble but dissolve or disperse 
to form jelly-like structures in petroleum oils. They are there¬ 
fore used to solidify oils to produce greases, often being manu¬ 
factured in the oil by reaction of the suitable fatty acid and 
lime. They are not sold under the general term of calcium 
soaps but specific soaps are sold for numerous purposes. 

Calcium stearate, Ca[02C(CH2)i6CH3l2, which is insoluble 
in water but soluble in alcohol or ether, is obtained by the 
reaction of sodium stearate and a soluble calcium salt such as 
tlie chloride. The precipitated grade is sold. Its main use is 
as a waterproofing agent. 

Calcium palmitate, Ca[02C(CH2)i4CH2]2, is similar to the 
stearate in properties, methods of manufacture and use. 

Calcium resinate is an insoluble soaj), a crude form of 
calcium abietate, Ca( 02 CCioH 29 ), obtained by boiling rosin 
with lime water and subsequently filtering. It is also pro¬ 
duced by the reaction of sodium abietate, which is water- 
soluI)le, with suitable soluble calcium salts such as the chloride 
or bicarbonate. The precipitated grade is quoted for use as 
a paint drier and as a waterproofing agent. 

Calcium gluconate, Caf02C(CH0H)4CH20H]2,H20, is 
moderately soluble in cold water and very soluble in hot. It is 
produced from gluconic acid and lime slurry and is sold as a 
U.S.P. grade in granular or powdered forms, for use in medi¬ 
cinals. The U.S.P. grade contains the equivalent of 12.4-12.8 
per cent of calcium oxide. 

Calcium sulfocarbolate or calcium phenolsulfonate, 

Ca(S 0 :iC«H 40 H) 2 , 5 H 20 , is a water- and alcohol-soluble com¬ 
pound obtained by the reaction of phenolsulfonic acid and lime 
slurry. It is used as an antiseptic and disinfectant, 
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BARIUM, STRONTIUM AND MAGNESIUM 
COMPOUNDS 

Barium, Ba, is a metal similar in general properties to cal¬ 
cium. It is of no importance as a free metal. The compounds 
are closely related to those of calcium but in general are more 
expensive. Nearly all barium compounds are white when pure. 
Those which are soluble in water are poisonous. 

Barium carbonate, BaCOs, is insoluble in water but .soluble 
in those acids which form water-soluble barium salts. It occurs 
naturally as witherite, and is also formed by precipitation with 
barium chloride or other soluble barium salt, from a hot solu¬ 
tion of ammonium carbonate or other soluble carbonate. The 
natural product is ground and sold as 90 per cent and 99 per cent 
through a 200-mesh sieve. Impurities in the natural prod¬ 
uct are calcium, silica, iron, alumina, etc. Precipitated 
barium carbonate and a special sulfur-free grade are quoted. 
Barium carbonate is used as the basis for manufacture of 
many other barium salts and as the usual commercial source 
of barium as a compound. It is also used as a neutralizing 
agent for sulfuric acid in the synthetic dyestuff industry, as an 
ingredient of crown glass, as a rat poison, in rubber compound¬ 
ing, and for many other purposes. 

Barium oxide or barium monoxide, BaO, is a white to yel¬ 
low or gray powder. It reacts with water to form barium 
hydroxide, which is slightly soluble. It is soluble in acids 
which form soluble barium salts. Ignition of barium nitrate 
or of the carbonate produces the oxide of a degree of purity 
dependent on that of the raw material. The usual grade is 
from ignition of a good grade of carbonate. Barium oxide 
reacts readily with the moisture and carbon dioxide of the air 
and is therefore apt to be contaminated with the hydrate and 
carbonate. Iron may also be present as an impurity. It is 
used in the preparation of other barium salts, for preparation of 
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barium hydroxide or barium hydrate, used as an alkali, and 
in ceramics. 

Barium dioxide or barium peroxide is a grayish to white 
powder. Both the anhydrous form, Ba02 and a hydrate, 
Ba02,8H20, are known. It is insoluble in cold water, decom¬ 
posed by hot water and soluble in acids. Barium dioxide is 
considered to be the barium salt of hydrogen peroxide. It is 
prepared from barium oxide by heating it in a current of oxygen. 
When treated with sulfuric acid, barium sulfate and hydrogen 
peroxide are obtained, a reaction applied in making the latter 
compound. It is also used in pyrotechnics and to .some extent 
in the preparation of other barium salts. 

Barium sulfate, BaS 04 , occurs naturally as barytes, barite, 
or heavy spar. The natural mineral may contain up to 5 or 
even 10 per cent of impurities. When ground it is sold as 
barytes. Various grades sold include domestic floated, south¬ 
ern off-color, domestic 95 per cent, imported German ground, 
imported Italian ground, and unground. It is used as an ex¬ 
tender for paint pigments and as a filler for paper, rubber, etc. 

Blanc fixe is precipitated barium sulfate. It may be prc'^ 
pared by precipitating a solution of a barium salt with sodium 
sulfate, or as a by-product in the manufacture of hydrogen 
peroxide from barium dioxide. The precipitated salt is finer 
and whiter than the natural product. Grades are dry by¬ 
product, high-grade precipitated, 66 2/3 per cent pulp; and 
X-ray. It is used for many of the same purposes as barytes. 
By precipitation of organic lakes on it, colored pigments are 
produced. Because of its insolubility it is taken internally to 
produce a dense shadow of the digestive organs in X-ray work. 

Barium chloride, BaCl2,2H20, is very soluble in water but 
unlike calcium chloride, is not deliquescent. It is obtained by 
dissolving natural barium carbonate in hydrochloric acid. An¬ 
other method is by igniting natural barium sulfate with coal, 
calcium chloride and limestone. The resulting barium chloride 
is then extracted with water. C.P. and technical 99 per cent 
crystals are quoted. It is used chemically in numerous indus¬ 
tries where a soluble barium compound is needed. 
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Barium iodide, Bal2,2Il20, is a salt extremely soluble in 
water and very soluble in alcohol. It is obtained by the neu¬ 
tralization of barium hydroxide by hydriodic acid or by the 
double decomposition of barium carbonate and ferrous iodide. 
It is used for the preparation of other iodides and in medicine. 

Barium fluoride, BaF^, is a slightly soluble salt obtained by 
the reaction of soluble barium compounds with hydrofluoric 
acid. It can be produced by the reaction of barium sulfide and 
hydrofluoric acid. Typical uses are as a poison and antiseptic, 
in the manufacture of enamels and in embalming fluids. 

Barium fluosilicate, BaSiFc, is a slightly soluble salt manu¬ 
factured by reaction of the hydroxide with fluosilicic acid. It 
is used as an insecticide. 

Barium chlorate, Ba(C 103 )o,H 20 , is very soluble in cold 
water and exceedingly soluble in hot. It results from the 
double decomposition of barium chloride and sodium chlorate 
or by passing chlorine into a boiling aqueous suspension of 
barium carbonate. It is used for the manufacture of other 
chlorates and in explosives and pyrotechnics. In the latter case 
barium compounds are of value for producing green colors. 

Barium nitrate, Ba(N 03 ) 2 , is moderately soluble in cold 
water but very soluble in hot. It is prepared by dissolving a 
readily available barium compound, such as the carbonate, in 
dilute nitric acid, or by mixing hot solutions of crude sodium 
nitrate and barium chloride, from which sodium chloride is 
precipitated. It is used in explosives and pyrotechnics. 

Strontium is a metal very much like calcium and having 
no important commercial applications as the element. Its 
compounds are similar to those of calcium and unimportant 
commercially in tonnage. They are relatively expensive. The 
salts are white when pure. 

Strontium carbonate, SrCOs, is highly insoluble in water 
but soluble in acids such as hydrochloric, nitric and sulfuric. 
It occurs naturally as strontianite, or may be formed by the 
fusion of naturally occurring strontium sulfate, celestite, with 
sodium carbonate. The grade sold is of good quality. Stron¬ 
tium carbonate is used in the manufacture of other strontium 
compounds and in special glasses. 
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Strontium nitrate, Sr(N 03 ) 2 , is very soluble in cold water 
and extremely soluble in hot. It also forms a hydrate 
Sr(N 03 ) 2 , 4 H 20 . The nitrate is made from strontium sulfate 
by reducing it to the sulfide by means of carbon and driving 
off hydrogen sulfide with dilute nitric acid. It is also made by 
dissolving the carbonate in dilute nitric acid. Both imported 
and domestic grades are quoted. Uses are in pyrotechnics, 
marine signals and railroad flares, as it imparts a carmine-red 
color to flame. 

Strontium bromide, SrBr 2 , is very soluble in cold water and 
extremely soluble in hot. It forms a hydrate, SrBr2,6H20. It 
also dissolves in alcohol. The product is made by treating 
strontium carbonate with hydrobromic acid or with bromine 
in the presence of a reducing agent. It is used in medicine. 

Strontium iodide, SrIo, is even more soluble than the bro¬ 
mide and forms a similar hydrate. It results from treating 
strontium carbonate with hydriodic acid, and is used in medi¬ 
cine. 

Magnesium is a silvery white metal which, while relatively 
expensive, is important as an element in light-weight alloys. 
The metal when finely subdivided burns readily to the oxide. 
It is the active ingredient which burns with barium chlorate in 
flashlight powder, which is now rapidly becoming obsolete, 
being replaced by flashlight bulbs. In massive form it does 
not burn in that way. The compounds are closely related to 
those of calcium. Because of the wide distribution of its com¬ 
pounds in the earth’s crust, the natural ores and their deriva¬ 
tives are inexpensive. The compounds are often tonnage items 
and are usually white. They are often termed magnesia com- 
])Ounds although that term is correctly the name of the oxide. 

Magnesium carbonate, MgCOa, occurs naturally as mag¬ 
nesite. It is widely distributed and also occurs with calcium 
carbonate in dolomitic limestone. It is insoluble in water. 
The crude material may be ground and purified by leaching out 
soluble impurities. It is also made by precipitation of a soluble 
magnesium salt with a soluble carbonate, as for example from 
magnesium chloride and soda ash. Both the ground and pre¬ 
cipitated grades are quoted. Magnesium carbonate is the usual 
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source of the oxide from which various magnesium salts are 
produced, but the chloride is also of importance for this pur¬ 
pose. The carbonate is used as a fine polishing agent, in 
ceramics, in rubber, and in heat insulation. 

Basic magnesium carbonate or magnesia alba, Mg(OH)2, 
3MgC03,3H20, is produced by treatment of wet magnesium 
oxide pr hydrate with carbon dioxide, and probably by other 
means. U.S.P. and technical grades are quoted. The U.S.P. 
is a hydrated basic rather than normal carbonate, equivalent to 
39 . 2 - 41.5 per cent of magnesium oxide. It is used in medicine. 

Magnesium oxide or magnesia, MgO, is insoluble in water. 
It is soluble in acids and absorbs moisture and carbon dioxide 
slowly from the air. The oxide is prepared by heating mag¬ 
nesium carbonate or basic magnesium carbonate. The former 
gives a very light powder, the latter a heavier powder. Mag¬ 
nesia is highly infusible or refractory, and nonvolatile. Its 
heat conductance is very low. Quoted grades include tech¬ 
nical heavy, U.S.P. heavy, U.S.P. special, U.S.P. light, and 
U.S.P. super light. The U.S.P. standard for either light or 
heavy grades requires at least 96 per cent magnesium oxide 
after ignition and not over 10 per cent loss in weight on ignition. 
Calcined magnesite or calcined magnesia is a special grade, 
calcined at a temperature to make it very reactive with mag¬ 
nesium chloride in producing indefinite double compounds 
known as magnesia cements or Sorrel cements. These cements 
are cast as small objects, tiles, etc. and are used for troweled-on 
types of light-weight flooring such as on ships’ decks. Calcined 
magnesias are of both domestic and foreign origin. Heavy 
calcined magnesia is used in the vulcanization of rubber. Dead- 
burned magnesia is also important, having been calcined at a 
higher temperature. The distinctive properties of this oxide 
make it useful as a heat insulator and as a refractory material 
in lining furnaces, making crucibles, etc. The oxide is used as 
an antiacid in medicine, as a basic material for producing other 
magnesium compounds, as a fine abrasive and as an inexpensive 
filler. When the oxide has completely reacted with water in 
the absence of carbon dioxide the product is magnesium hy¬ 
droxide or magnesium hydrate, Mg(OH)2. A suspension of this 
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in water is milk of magnesia, used as a mild alkali and in medi¬ 
cine. While the suspension of the hydroxide is alkaline it is 
not of importance as an alkali. 

Magnesium peroxide, Mg02, is practically insoluble in 
water but soluble in acids. It is formed by the reaction of 
a concentrated solution of magnesium sulfate with barium 
peroxide. A grade containing IS per cent of active oxygen is 
quoted. It is used as an antiseptic and as an oxidizing and 
bleaching agent. 

Magnesium sulfate occurs naturally as kieserite but is 
largely manufactured by the reaction of sulfuric acid and mag¬ 
nesium oxide or carbonate. The usual form is the hydrate, 
MgS04,7H20, which is known as Epsom salt. It is quoted 
as technical, U.S.P. crystals, domestic and imported, and dried, 
the latter being anhydrous, MgS04. The U.S.P. grade contains 
45 to 52 per cent of water, and not less than 99.5 per cent of the 
anhydrous salt on ignition. Calcined kieserite containing 96-98 
per cent of magnesium sulfate is also sometimes quoted. The 
material is used in tonnage as a fireproofing agent, for weight¬ 
ing of textiles, as sizing, and as a medicinal. 

Magnesium chloride has much in common with calcium 
chloride. It exists as the anhydrous salt, MgC^, and forms a 
hexahydrate, MgCl2,6H20. It occurs in sea water, and in 
certain mineral deposits, both alone and in combination with 
potassium chloride. The salt hydrolyzes with the formation 
of free hydrochloric acid, which gives it its corrosive action in 
solution, particularly when heated. A flake salt is sold. It is 
very deliquescent, which makes it useful as a dust-laying com¬ 
pound. It is also used as a fireproofing agent, for the sizing 
of textiles and papers, in ceramics, for the preparation of other 
magnesium salts, and as a fire extinguisher. When it reacts 
with properly calcined magnesite it forms magnesia cement or 
Sorrel cement. 

Asbestos is a form of impure magnesium silicate occurring 
in long, delicate fibers or in fibrous masses, colored white, gray 
or greenish gray and varying considerably in composition. 
Serpentine asbestos is the type most used and consists of long, 
strong, silky fibers, largely composed of a hydrous magnesium 
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silicate. Amphibole asbestos is usually a mixture of iron, cal¬ 
cium and magnesium silicates with little or no bound water. 
This type is more stable chemically and more resistant to acids 
and heat, but the fibers are of low tensile strength and cannot 
be spun. Practically all supplies are imported from a few 
Canadian sources. Grades of asbestos sold are 5M, 5R, 6D, 
7D, 7F, 7H, 7K and 7M, the last grade 7M having only about 
a third of the value of the first, 5M. Serpentine asbestos is 
used in making fireproof textiles, clothing, curtains, filter cloth, 
ropes, heat-proof and electrical insulating materials, brake lin¬ 
ing, pipe covering, roofing paper, cement, plaster, in rubber 
compounding, etc. Amphibole asbestos is used in making 
chemical filters and as a paint extender. 

Talc is another form of magnesium silicate approximating 
acid magnesium metasilicate, H 2 Mg 3 (Si 03 ) 4 . It occurs na¬ 
turally in foliated, granular or fibrous masses. The mineral 
is very soft, with a soapy feel and is sometimes called mineral 
graphite or soapstone. It is usually white, greenish or gray¬ 
ish in color and is insoluble in water or acids. Talc is very 
soft, having a value of 1.5-2.5 on Moh’s scale of hardness. 
Gradings shade into the asbestos field. Other related minerals 
are sometimes sold as talc, and at least one sold as talc is by 
structure pyrophyllite, an alkali-metal aluminum silicate. 
Among the domestic grades sold are the following: Californian 
numbers 1 and 2, of which number 1 is the better grade; New 
York, fibrous, 93-94 per cent through 325 mesh, 96-98 per cent 
through 325 mesh, 99.85-99.95 per cent through 325 mesh, and 
coarse, off-color; Ohio, alumina-magnesia type, ground; and 
Vermont. Imported grades are Canadian, French ordinary 
and high-grade, and Italian 1 and 2. The imported qualities 
command a large premium and are preferred by the trade for 
fine products. Talc is used as a filler in paper, plastics, insulat¬ 
ing compositions, linoleum, etc. It is used as an industrial 
dusting powder for such products as rubber and foundry molds. 
Good grades are used in cosmetics and toilet preparations and 
as personal dusting powders. Thus the uses range from coarse 
fillers to the finest face powder, in all cases being present as 
an inert rather than as a chemically reactive material. It is 
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an important element of ceramic bodies. Asbestine is a trade 
name for a grade used in paint. Talcum powder is often largely 
talc. 

Metronite is a mineral consisting largely of magnesium 
silicate and calcium and magnesium carbonates. It is refined 
for sale as 120, 180, 250 and 325 mesh grades. Use is mainly 
as a paint extender, the prices being such as to compete with 
the grades of talc and whiting which are similarly applied. 

Magnesium silicofluoride or magnesium fluosilicate, 
MgSiFo, is the water-soluble product formed by the reaction 
of magnesium carbonate with hydrofluosilicic acid. It is used 
in ceramics and as a hardening agent in concrete. 

Magnesium hypophosphite, Mg(H2P02)2,6H20, is the very 
soluble product obtained by the reaction of magnesium oxide 
with hypophosphorous acid. It is also obtained by the reaction 
of magnesium oxalate and calcium hypophosphite and is used in 
medicine. 

Magnesium arsenate, Mg3(As04)2,XH20, is a water in¬ 
soluble material, usually oflF-color due to impurities. It is 
highly hydrated, but to a variable degree. The material re¬ 
sults from the reaction of magnesium carbonate and arsenic 
acid, or by combining the manufacture of arsenic acid from 
arsenious oxide with conversion to the magnesium salt. It is 
used as an insecticide. 

Magnesium soaps are insoluble in water and similar in gen¬ 
eral properties to calcium soaps. Magnesium stearate, Mg[02C 
(CH2 )i«CH 3]2, is formed by the reaction of soluble magnesium 
salts with sodium stearate and is used as a drier in protective 
coatings. The properties, manufacture and uses of magnesium 
palmitate, Mg[02C(CH2)uCH3|2, are similar. 
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COMPOUNDS OF NICKEL, COBALT, MANGANESE 

AND ZINC 

Nickel, Ni, is a silvery metal which is important indus¬ 
trially, its use being limited only because of its cost. Deposits 
of ore are largely in Canada. After smelting the oxide from 
the ore, which is usually a silicate or a sulfide, the metal is 
produced by reduction and refined electrolytically. Pentalan- 
dite is a typical ore, a nickel, copper, iron sulfide. Nickel is an 
alloying element rather than one to be used in the pure form, 
nickel steels being very hard and tough as compared with or¬ 
dinary steels. One of the ores smelted directly yields a com¬ 
mercial nickel-copper alloy containing a small amount of iron 
and is sold as Monel metal. In general the hydrated salts of 
nickel have a green color and the anhydrous a yellow color. 
The metal is somewhat soluble in dilute acids and the soluble 
salts are poisonous. Decline of the nickel-plating industry in 
recent years has lessened the importance of the salts, while 
use of the metal in alloys has increased. The finely divided 
metal resulting from reduction of the oxide or a suitable salt, 
is used as a catalyst for the hydrogenation of saponifiable oils. 

Nickel oxide, NiO, is green. When it is heated and allowed 
to absorb more oxygen the new oxide is black, Ni203. Both 
oxides are insoluble in water but soluble in acids or ammonium 
hydroxide. Nickel oxide occurs naturally, or may be obtained 
by carefully heating the nitrate, carbonate, hydroxide or sulfate. 
It is used for the preparation of nickel salts, in the decorating 
of porcelain and as a catalyst. 

Nickel carbonate is a green insoluble salt. It is basic, hav¬ 
ing approximately the formula NiC03,2Ni(0H)2,4H20, rather 
than the normal carbonate formula. NiCOg. It is soluble in 
acids and in solutions of ammonium salts. The compound 
is precipitated from solutions of soluble nickel salts by addition 
of a soluble carbonate such as sodium carbonate. It is used as 
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an intermediate in the preparation of some nickel salts and 
as a green coloring material in glazes. 

Nickel chloride, NiCl2,6H20, is a green, deliquescent salt, 
extremely soluble in water, very soluble in alcohol and soluble 
in solutions of ammonium hydroxide. It is produced by treat¬ 
ing nickel oxide or nickel carbonate with hydrochloric acid. 
The anhydrous salt is yellow and can be obtained by heating 
the hydrated salt to 140 ° C. Nickel chloride is used as an 
antiseptic, for nickel-plating, as an absorbent for ammonia 
gas in gas masks, and in minor products. 

Nickel sulfate, NiS04, is yellow and very soluble in water. 
As the hexahydrate, NiS04,6H20, it is also very soluble in 
alcohol and blue in color. The properties of the heptahydrate 
are similar but the color is green. Single nickel salt is the 
heptahydrate, NiS04,7H20, obtained by dissolving nickel, 
nickel oxide, carbonate or hydroxide in dilute sulfuric acid con¬ 
taining a small amount of nitric acid. The heptahydrate changes 
to a lower hydrate when heated to 100 ° C., and to the anhydrous 
salt at 300 ° C. Nickel sulfate is used in nickel plating, as a 
mordant, in coloring metals, in ceramics and for producing 
driers for use in protective coatings. 

Double nickel salt or nickel ammonium sulfate, NiS04, 
(NH4)2S04,6H20, is moderately soluble in cold water, very 
soluble in hot. It is produced by treating a solution of nickel 
sulfate containing sulfuric acid, with ammonium sulfate. Uses 
are largely in electroplating. 

Cobalt, Co, is a metal closely related to nickel. As such it 
is unimportant but the salts have substantial use in industry. 
The cobaltous salts are generally pink if hydrated, and blue if 
anhydrous. A series of higher valence cobaltic salts are unim¬ 
portant. The ores are arsenides or sulfides. 

Cobalt carbonate or cobaltous carbonate is a red compound 
prepared by the reaction of sodium carbonate with cobaltous 
acetate. As cobaltous carbonate is insoluble in water, it pre¬ 
cipitates from solution as a basic salt, 2CoC03.3Co(OH)3. It 
is sold as a technical grade and is used in manufacturing cobalt 
salts and pigments. 
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Cobalt oxide or cobaltic oxide, C02O3, is a gray to black 
powder insoluble in water but soluble in strong acids and 
soluble in ammonium hydroxide solution. It is obtained by 
dehydrating and oxidizing cobaltous hydroxide by direct heat- 
ting, and is used as a pigment and for coloring glass, enamels 
and glazes. The deep blue product, when dissolved, is popularly 
described as cobalt blue, and the term cobalt is even used as a 
synonym for blue. The term cobalt blue is applied in the trade 
to an impure cobalt oxide which has been fused with aluminum 
compounds. This is also of a deep blue color and used mainly 
for coloring enamels and glazes. It dissolves more readily 
than cobalt oxide. Cobalt blue is also an expensive pigment. 

Smalt, Saxony Blue or azure blue, is a blue amorphous in¬ 
soluble powder. It is formed by fusing together potash, silica 
and cobalt oxide and grinding the glass thus formed to a 
powder. Smalt has been used as a pigment, for coloring paint, 
paper, textiles, starch, etc., but is largely replaced by ultra- 
marine. In a darker form it is known as black smalt. 

Cobaltous hydroxide or cobalt hydrate, CofOH)^, is a red, 
amorphous powder insoluble in water but soluble in acids or 
ammonium salt solutions. It is prepared by adding sodium 
hydroxide to a solution of a cobaltous salt. The hydroxide 
is produced as one step in the refining of cobalt ores, usually 
admixed with nickel hydroxide. It is used in preparing salts 
of cobalt and for the preparation of driers for use in protective 
coatings. 

Cobalt sulfate, or cobaltous sulfate, exists as an anhydrous 
form, C0SO4, but is normally the heptahydrate, C'oS()4.7H2(). 
Both are red, very soluble in water and soluble in alcohol. The 
product results from the action of sulfuric acid on cobalt 
oxide. It is used in making cobalt glass, in cobalt plating and 
in the preparation of other compounds. 

Cobalt chloride or cobaltous chloride, forms a blue an¬ 
hydrous salt, CoClo, and a pink hydrate, CoCl2,6Pb>0. Roth 
are very soluble in water, alcohol, ether or acetone. They are 
produced by solution of the oxide or carbonate in hydrochloric 
acid, and evaporation. The impure chloride is produced in re¬ 
fining cobalt ore, contaminated with nickel cblgride. The com- 
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mercial hydrated salt is used in electroplating and as a coloring 
substance in liquids. In anhydrous liquids the color is blue, 
and in water or hydrous liquids, pink. This property is also 
the basis for use of this and other cobalt salts in “sympathetic’' 
inks, those invisible until developed, usually by heating. 

Cobalt acetate or cobaltous acetate, Co(02CCH3)2,4H20, 
is a soluble, red, deliquescent salt obtained by neutralizing 
cobaltous hydroxide with acetic acid and evaporating. It is 
used in “sympathetic” ink, in coloring oilcloth, and in pre- 
l)aring other col)alt compounds. 

Cobalt oleate or cobaltous oleate, Co[02C(CH2)7CH :CH- 
(CH2)7CH3]2, is a brown, amorphous powder, insoluble in 
water but solulile in oils, alcohol, or ether. It is obtained by 
boiling a solution of sodium oleate and cobaltous chloride. The 
main use is as a varnish drier. 

Cobalt linoleate or cobaltous linoleate, Co[02C(CH2)7CH 
CIICn2CH :CH(CH2)4CH3]2, is similar in properties, prepara¬ 
tion and uses to cobalt oleate. Commercial grades are paste 6 
per cent, and solid per cent, classified by cobalt oxide con¬ 
tent. 

Cobalt resinate or cobaltous resinate, is a crude form of 
cobalt abietate, Co(02CCi9H2o)2, prepared by fusing rosin and 
a cobaltous compound. Grades are fused A, and 1 . 2 and 3 
])er cent. A preci])itated grade is prepared by boiling together 
sodium resinate and a cobalt salt in aqueous solution. This 
is much higher in cobalt oxide, more expensive and more 
effective. These resinates are used as varnish driers. 

Manganese, Mn, is a gray, hard metal, which is soluble in 
acids. The principal ore is manganese dioxide but other oxides, 
sulfides and carbonates are found. Iron minerals are usually 
associated with them. The reduction of the ores is complex, 
usually carried out with the aid of aluminum. The metal is 
used for alloying in steel to give hardness and toughness. 

Compounds of manganese are widely used in the arts. The 
element combines both in the positive and negative radicals. 
As a positive element the usual manganous salts are pink to 
red. A series of manganic salts exists but these are unim¬ 
portant. Insofar as manganese is important as an acid-form- 
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ing* element it has been discussed under the appropriate salt. 
The major commercial form is as potassium permanganate. 
Other complex forms with manganese in the negative radical 
exist. 

Manganese dioxide or manganese peroxide, Mn 02 , is a 
gray to dark green or black substance, insoluble in water but 
soluble in acids. It occurs naturally as pyrolusite, usually 
somewhat impure. The pure oxide is prepared by igniting 
manganous nitrate, or by heating manganous carbonate in the 
presence of air and washing the residue with cold dilute hydro¬ 
chloric acid. Manganese dioxide is a strong oxidizing agent. 
The usual commercial grade is Caucasian 85-90 per cent dioxide. 
A 50-52 per cent ore is also quoted. It is used in various 
processes as an oxidizing agent, in glass making for decoloriz¬ 
ing ferrous iron, to promote combustion in matches, in dye 
manufacture, in the production of pigments, in dry batteries, 
in steel manufacture and for production of other manganese 
compounds. 

Manganese hydrate or hydrated manganic oxide is 

MnO(OH), a brown powder which forms when the light pink 
manganese hydroxide, Mn(OH)2 is exposed to the air. It is 
insoluble in water but soluble in acids and is precipitated when 
alkali is added to a solution of a manganous salt. Uses are 
in ceramics and as an assist in printing or dyeing textiles. 

Manganese carbonate, MnCOa, is an insoluble rose-colored 
powder. It is precipitated by the reaction of a solution of 
manganese sulfate or chloride with a solution of sodium car¬ 
bonate, and is used for manufacture of other manganese salts. 

Manganese sulfate or manganous sulfate forms various 
pink hydrates. The anhydrous salt, MnS04, and the tetra- 
hydrate, MnS04,4H20, are the usual forms. They are very 
soluble in water and are of commercial importance. The 
sulfate is formed by heating manganese dioxide with sulfuric 
acid. Commercial grades are anhydrous, 90-95 per cent, 80-85 
per cent, and 65 per cent. They are used in manufacture of 
other salts, in glazes and for numerous minor purposes. 

Manganese chloride or manganous chloride, MnCl 2 , 4 H 20 , 
is a red, deliquescent salt, very soluble in water and slightly 
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soluble in alcohol. Boiling manganese dioxide with hydro¬ 
chloric acid produces the chloride and liberates free chlorine. 
A pure grade is made by the reaction of hydrochloric acid 
and the carbonate, with concentration of the solution formed. 
It is used for preparation of other salts, for preparation of 
catalysts, and in dyeing and printing of textiles. 

Manganese iodide or manganous iodide, Mnl 2 , 4 H 20 , is 
a very soluble, deliquescent, red salt formed by the reaction 
of manganous hydroxide with hydriodic acid. It is used in 
medicine. 

Manganese borate, MnB407, is a water-soluble pink 
powder formed by the reaction of manganous hydroxide with 
boric acid. It is used as a drier in protective coatings. 

Manganese arsenate is a pink, nearly insoluble salt of 
complex structure formed from water-soluble arsenates and 
soluble manganese salts for use as an insecticide. 

Manganese acetate, Mn( 02 CCH 3 ) 2 , 4 H 20 , is a red salt, 
soluble in water or alcohol, formed by the reaction of acetic 
acid with manganous hydroxide, Mn( 0 ’H) 2 . It is used as a 
drier in protective coatings, in the finishing of leather, as a 
mordant in dyeing textiles, and as a catalyst in oxidation 
processes. 

Manganese glycerophosphate, MnPOaCsHiOs, is a white 
or reddish powder slightly soluble in water. It is prepared 
by the reaction of manganous hydroxide with glycerophos- 
phoric acid and is used in medicine. A solution with citric 
acid is also sold. 

Manganese linoleate or manganous linoleate, Mn[ 02 C 
(CH 2 ) 7 CH:CHCH 2 CH:CH(CH 2 ) 4 CH.,] 2 , is a dark brown 
substance insoluble in water but soluble in hot linseed oil. It 
is obtained by boiling a soluble manganous salt with an 
aqueous solution of sodium linoleate. This manganese soap 
is sold as a 4 per cent liquid and as an 8.2 per cent solid based 
on the manganese oxide content. It is used as a drier in pro¬ 
tective coatings. 

Manganese resinate is a form of crude manganese abietate, 
Mn( 02 CCi 9 H 2 o) 2 , another manganese soap. The properties 
are similar to those of the linoleate but the precipitated grade 
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is a light pink powder. A fused grade is produced by melting 
rosin with manganese oxide. The precipitated grade is ob¬ 
tained by boiling sodium abietate with a soluble manganous 
salt. The fused grade contains 33 ^ per cent of manganese 
oxide, the precipitated grade 73 ^ per cent. It is used as a drier 
in protective coatings. 

Zinc, Zn, occurs in some ores as the sulfide and the car¬ 
bonate. In both cases the zinc is associated with many other 
metals such as iron, cadmium, calcium, etc. Typical silicate 
minerals are willemite, Zn2Si04, and calamine, Zn2Si04,Ho(). 
The ore is ground and concentrated by flotation, then roasted 
with excess air to form the oxide. Zinc oxide is reduced to 
the free metal by heating with coal without access to oxygen. 
Since zinc is volatile, it is distilled over, condensed to a liquid 
and run into molds. It is a soft nontarnishing metal, solulde 
in acids and strong alkalies and is die-cast in the form of many 
alloys used for the production of small articles. Zinc-coating 
of iron produces galvanized iron. Such a coating is par¬ 
ticularly valuable because zinc is chemically more active than 
iron. Therefore in case the coating becomes perforated fur¬ 
ther corrosion attacks the zinc rather than the iron. This is 
in contrast to the effect with tin-plated iron. Zinc is also used 
in dry batteries and in numerous other ways. Zinc compounds 
are generally white and, if soluble, are poisonous. While 
zinc also reacts as a negative element to form salts with basic 
elements such as sodium zincate, Na2Zn02, none of these 
are of importance. 

Zinc dust is a finely divided form of the metal, sold in 
various grades. By reaction with acid it is a powerful re¬ 
ducing agent and is sold as such for use in the synthetic 
organic chemical industry. To a minor extent it is used as a 
pigment. Granular zinc is a somewhat coarser form. When 
poured into water in the molten condition, zinc gives irregular 
flattened forms known as mossy zinc. 

Zinc oxide, ZnO, is white, insoluble in water but soluble 
in acids. A naturally occurring form is zincite. It is obtained 
from ore as described under zinc, by heating zinc carbonate, 
or by oxidizing the vapor given off by boiling metallic zinc. 
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A U.S.P. grade, containing over 99 per cent of zinc oxide on 
ignition, is quoted and used in zinc oxide ointment, in other 
pharmaceuticals, and in cosmetics. Lead-free pigment grades 
are domestic American process and French process, green seal, 
red seal and white seal. Imported grades are gold seal, red 
seal, green seal and white seal. These vary in fineness, the 
gold seal being the finest. Many grades are quoted by well 
known trade names. Since zinc oxide can be obtained of 
extreme fineness and has an index of refraction substantially 
different from that of drying oils, it is a paint pigment of great 
importance. Such a difference in the index of refraction is 
essential to good covering power of a paint pigment. It is 
also used as a pigment in rubber goods, having v'aluable 
chemical properties in vulcanizing. It is used as a pigment 
in a multitude of other products such as in paper, printing ink, 
etc., and is a major ingredient of dental cements. 

Leaded zinc oxide is a zinc oxide pigment containing vary¬ 
ing quantities of lead sulfate. The usual grades quoted con¬ 
tain 5, 10, 35 and 50 per cent of lead sulfate. The use of these 
is largely confined to paint. Zinc-iron oxide is another pig¬ 
ment grade. 

Zinc carbonate, ZnCOa, is white and insoluble in water. It 
dissolves in acids, alkalies, ammonium salts and alcohol. It 
occurs naturally as the mineral Smithsonite, and is used for 
the preparation of other zinc salts. Zinc basic carbonate, basic 
zinc carbonate or zinc subcarbonate, ZnC 03 ,xZn(OH)o, 
where x is variable, is obtained by precipitating a solution of 
the sulfate or chloride with sodium carbonate. A U.S.P. 
])reci])itated powder and technical grade are quoted. The 
U.S.P. standard is from the 9th edition and calls for approxi¬ 
mately 2 ZnC 03 ,Zn( 0 H) 2 ,xH 20 , yielding at least 68 per cent 
of zinc oxide on ignition. Zinc carbonate is used as a pigment 
and rubber compounding ingredient, in ceramics, cosmetics, 
pharmaceuticals, and in medicine. 

Zinc sulfate or white vitriol, ZnS 04 , 7 H 20 , is very soluble 
in water. It is prepared by the action of sulfuric acid on zinc 
or zinc oxide. An impure form is obtained by roasting a zinc 
sulfide ore at a low temperature. The salt is sold in crystal- 
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line, flake and powder forms. The U.S.P. standard calls for 
55.86-58.63 per cent of the anhydrous salt, corresponding to 
not less than 99.5 per cent of the heptahydrate. Uses are 
for manufacture of other zinc salts, for preserving hides, as a 
mordant in printing cotton, in ceramics, in zinc-plating and 
for numerous miscellaneous purposes. 

Zinc sulfide, ZnS,H20, is a white to yellow pigment in¬ 
soluble in water but soluble in acids. It occurs in nature as 
zincblende or sphalerite, ZnS, and is prepared by treating 
a neutral solution of a zinc salt with hydrogen sulfide. Zinc 
sulfide is used as a high-quality pigment in paint, rubber, 
plastics, and other products, and as a base for color lakes. 

Lithopone is a mixture of the chemically equivalent 
amounts of zinc sulfide and barium sulfate. It is white and 
insoluble in water. The manufacture is by mixing equivalent 
amounts of zinc sulfate and barium sulfide with water. The 
properties depend to an important degree on the subsequent 
roasting operations. Grades quoted are ordinary and high- 
strength. A grade containing titanium oxide is also quoted. 
As a pigment it does not darken on exposure to sulfides. The 
price is lower than that of zinc oxide. Uses as a pigment are 
varied, as in paint, leather, paper, rubber, etc. A correspond¬ 
ing orange to red cadmium compound is known as cadmium 
lithopone. 

Zinc chloride, ZnCU, is a colorless hygroscopic salt, ex¬ 
tremely soluble in water, alcohol or ether. It is obtained by 
heating zinc with dry chlorine gas, by the action of hydro¬ 
chloric acid on zinc or zinc oxide, or by heating a mixture of 
zinc sulfate and sodium chloride. In concentrated solution, 
zinc chloride has a solvent action on starch and cellulose. The 
salt is sold in fused and granular grades, and in solution. A 
U.S.P. standard requires 95 per cent of zinc chloride. Uses 
are as a dehydrating agent, a catalyst, for preserving wood, 
as an antiseptic and disinfectant, as a sizing and weighting 
agent in the treatment of textiles, in adhesives, in making 
parchment paper, in dentifrices and in medicine. 

Zinc ammonium chloride is a double salt of zinc chloride 
with ammonium chloride, of indefinite composition but some- 
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times classed as ZnCl2,3NH4Cl. It is used as a flux in solder¬ 
ing and welding, and in dry batteries. 

Zinc iodide, ZnL*, is extremely soluble in water and soluble 
in alcohol or ammonium carbonate solution. The solutions 
are unstable to light and air. It is prepared by the reaction 
of barium iodide with zinc sulfate. Barium sulfate precipi¬ 
tates and the filtrate is evaporated. It is used in medicine. 

Zinc fluoride, ZnFo, is a white powder insoluble in water 
or acids. It is produced by the reaction of sodium fluoride 
with zinc acetate or by dissolving zinc hydroxide in hydro¬ 
fluoric acid. Uses are in making ceramic glazes, in impreg¬ 
nating lumber to improve resistance to decay and attack by 
animal organisms, and in galvanizing. 

Zinc chromate or zinc yellow is a yellow pigment, a double 
salt of zinc chromate, ZnCr 04 , and potassium bichromate, 
K^Cr^Oy. It is of indefinite composition. The pigment is 
slightly soluble in water and is prepared by the reaction of 
potassium bichromate and a soluble zinc salt. The pigment 
is stable to hydrogen sulfide and is used in many products. 

Zinc cyanide, Zn(CN) 2 , is a white salt of zinc, soluble in 
dilute acids but not in water. It is prepared by the reaction 
of a soluble zinc salt and potassium cyanide. Uses are for 
zinc- and other metal-plating, and in pharmaceuticals. 

Zinc arsenate has a variable composition approximating 
that of 5Zn0,2As20rM4H20. It is insoluble in water but 
soluble in acids or alkalies, and is prepared by the reaction of 
a solution of sodium arsenate and a soluble zinc salt such as 
the sulfate. It is poisonous and is used as an insecticide. 

Zinc arsenite, Zn(As02)2, is similar to the arsenate in 
properties, preparation and use. 

Zinc stearate is a very fine, soft and bulky amorphous 
powder. The formula, Zn[02C(CH2)i«CH3]2, represents a 
purity never attained. It is insoluble in water but soluble in 
acids, and is prepared by the reaction of sodium stearate with 
a soluble zinc salt. U.S.P. and technical grades of precipitated 
material are sold. The U.S.P. grade is a mixture of zinc 
stearate and zinc palmitate containing 13-15.5 per cent of zixic 
oxide. It is used as a dusting powder, in face powder and 



100 


CHEMICALS OF COMMERCE 


cosmetics, and in various products where an organic salt of 
zinc is required. 

Zinc palmitate is similar to zinc stearate hut less bulky and 
not of as good quality. If pure the formula would he Zn| OoC- 
(CH 2 )i 4 CH 3 jo. The method of preparation is similar to that 
of zinc stearate but the use is more limited, being largely as a 
flatting agent in lacquer. 

Zinc resinate has only approximately the composition of 
zinc abietate, Zn( 02 CCiftH 29 ) 2 - It is the light brown product 
resulting from fusing rosin with zinc oxide. A precipitated 
grade results from boiling a solution containing sodium abietate 
and zinc sulfate. Both fused and precipitated grades are 
quoted for use as driers in protective coatings. 

Zinc sulfocarbolate or zinc phenolsulfonate, Zn(SOaC«H4- 
0 H) 2 , 8 H 20 , is a slightly soluble white powder which is pre¬ 
pared by heating zinc hydroxide with phenolsulfonic acid. 
The N.F. grade is used in pharmaceuticals, largely as an anti¬ 
septic. 



CHAPTER XI 


COMPOUNDS OF ALUMINUM, CHROMIUM 
AND IRON 

Aluminum, Al, is a silvery, bluish, malleable metal. The 
spelling and pronunciation are sometimes that of aluminium, 
particularly in British literature. Aluminum is soluble in 
dilute hydrochloric acid and in hot alkaline solutions. Its 
compounds are very widely distributed, being next most com¬ 
mon to oxygen and silicon. In spite of that, its quantity pro¬ 
duction as an element dates only from 1886. Since it is very 
reactive, the natural compounds are very stable, examples be¬ 
ing clays and many precious stones. The commercial ore is 
bauxite, a hydrated oxide relatively free from iron. For pro¬ 
duction, purified bauxite, Al 203 , 2 H 20 , is dissolved in molten 
cryolite, a doul)le fluoride SNaF.AlFa, which may be obtained 
from natural sources or may be made synthetically. In the 
latter case, the mixture consists of 2AlF3,6NaF,3CaFo. The 
cryolite is kept fused by passing an electric arc between carbon 
electrodes and the dissolved bauxite is decomposed by the 
electric current into aluminum and oxygen. Aluminum sinks 
to the bottom of the tank where it can be drawn off in the 
molten state, while the oxygen goes to the anode where it 
reacts with the carbon, so that the carbon anodes have to be 
renewed from time to time. Fresh bauxite is added at in¬ 
tervals and aluminum drawn off. The process is continuous 
since the loss of cryolite is relatively small. 

Virgin aluminum is quoted as a 98-99 per cent grade. The 
impurities consist of iron and silicon with traces of nitrogen, 
copper, carbon and possibly zinc. It is usually alloyed with 
4-8 per cent of copper to harden it. Varied forms are quoted, 
such as sheets, rods, etc. As aluminum wire it is more effi¬ 
cient than copper on a weight basis a^ a conductor of heat 
and electricity. Europe, particularly Germany, has made 
great progress in the use of such wire as an electrical con- 
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ductor. The use of thin aluminum foil is expected to increase, 
important applications being as wrapping material and for 
heat insulation. 

Aluminum is produced on such a large scale, and is so 
widely distributed, that it is a comparatively cheap metal, 
cheaper than tin for example. The metal is familiar to every¬ 
one because of its wide applicability. The cooking utensils 
and structural aluminum which one sees every day are not, 
however, the pure metal, but this metal covered with a thin 
coating of aluminum oxide. The metal always forms this 
coating on contact with air and the nearly transparent film 
of oxide protects the aluminum from further reaction. In a 
special form known as anodized aluminum the oxide film has 
been produced of greater thickness and is blue or green in 
color. In addition to its wide use for cooking utensils and as 
an architectural material, it has been applied as alloys in all 
sorts of industries where a light metal is of advantage, in 
airplane construction, in stream-lined trains, as parts of indus¬ 
trial machinery, for storage tanks and in electric equipment. 
An alloy containing 1 per cent of manganese is important in 
this field. A very strong aluminum alloy is known as Dur¬ 
alumin, which contains small amounts of copper, manganese 
and magnesium. 

The compounds are practically all white and the salts are 
usually soluble in water. They are relatively inexpensive and 
therefore widely used. While alumina is properly a term for 
aluminum oxide the salts are often so called, alumina sulfate 
for example instead of aluminum sulfate. 

Aluminum powder has been steadily increasing in applica¬ 
tions as a pigment. Grades of powder quoted are extra fine 
lining; standard lining; ink; extra brilliant litho; extra fine 
litho; standard litho; wallpaper; rubber compounders; un¬ 
polished; extra brilliant varnish; extra fine varnish; standard 
varnish. Printing with aluminum-base ink is in common 
use. For many applications the aluminum powder contains 
up to 10 per cent of copper to give an improved brilliance and 
the powder is '‘polished*’ by coating with stearic acid. 
Aluminum paste is sold, which is aluminum powder ground 
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in oil ready for further mixing in aluminum paints. Grades 
are extra fine lining paste, and standard. Because of its high 
reflective value it is widely used on exterior structures. Both 
aluminum leaf and copper-aluminum alloy leaf, under the 
name of composition metal leaf are also quoted. 

Aluminum hydroxide, aluminum hydrate or aluminum tri¬ 
hydrate, A1(0H)3, is white and insoluble in water but soluble 
in acids. Various hydrates occur in nature but are not suit¬ 
able for the uses to which aluminum hydrate is applied. Tlie 
compound is amphoteric and therefore behaves both as a base 
and an acid. It is prepared by fusing aluminum ore with soda 
ash or caustic soda, when a solution of sodium aluminate is 
ol)tained. This can be separated by filtration from impurities 
occurring in the ore. The hydroxide is precipitated from 
solution by rendering it approximately neutral. The product 
is sold as light, the pure grade, and a heavy grade precipitated 
on barium sulfate. The latter is of course much lower in 
price. The light grade is about 96 per cent pure. Aluminum 
hydrate is used as a special pigment, as a base for organic 
lakes and in special glasses. In many cases where aluminum 
hydrate is needed in a product it is manufactured in the 
process. 

Aluminum sulfate, Al2(S04)3,18H20, is extremely soluble 
in water. An anhydrous form exists but is relatively unim¬ 
portant. The aqueous solution is distinctly acid due to hydrol¬ 
ysis. The product is made by the reaction of sulfuric acid 
and bauxite or by the reaction of aluminum hydroxide with 
sulfuric acid. That obtained from the mineral is usually con¬ 
taminated with iron. Both commercial and iron-free grades 
are quoted. It is used as a fireproofing agent, in water puri¬ 
fication, as a mordant, as a clarifying agent by reaction in 
alkaline solution to precipitate gelatinous aluminum hy¬ 
droxide, in sizing paper, for alum tannage of leather, for 
preparation of waterproofing materials, and for many other 
purposes. Trade terminology often refers to it as alum al¬ 
though correctly the alums are double salts. Where the use 
is for the aluminum content, aluminum sulfate is to be pre¬ 
ferred to aluminum alums because of lower price and a higher 



104 


CHEMICALS OF COMMERCE 


proportion of aluminum content. In some special uses true 
alums are essential, and in others, their use is continued be¬ 
cause of past favoralile experience with them, instead of 
replacing them with a lesser weight of aluminum sulfate, 
which itself sells for a lower price per pound. 

The true alums are hydrated double salts of sulfuric acid 
containing a univalent ion or a radical and a trivalent ion or 
radical, which may or may not be aluminum, combined with 
24 molecules of water of hydration. Strictly speaking other 
elements may replace sulfur but this is of no commercial im¬ 
portance. 

Potassium aluminum sulfate, potassium alum or potash 
alum, K2S04,Ak(S04)a,24H20, was long called merely alum 
or common alum because it was the first known of this group 
of salts. It is soluble in cold water and very soluble in hot. 
Like the other aluminum alums it gives a slightly acid reaction 
in solution. It is largely obtained from leucite, a silicate 
mineral containing potassium and aluminum. The mineral is 
separated from the gangue, ground, treated with sulfuric acid 
and the alum recrystallized in the usual way. Granular, lumi) 
and powdered forms are sold. U.S.P. potassium alum con¬ 
tains not less than 99.5 per cent of the hydrated salt. U.S.P. 
burnt alum is the product obtained by quickly driving off the 
water of hydration by heat. The product is then porous and 
bulky, and contains not less than 96.5 per cent of the anhy¬ 
drous salt. The uses are largely the same as for aluminum 
sulfate. 

Ammonium aluminum sulfate, ammonium alum or am¬ 
monia alum, (NH4)2S04,Al2(S04)3,24H20, is similar in prop¬ 
erties to potassium alum. Aluminous shale or l^auxitc is cal¬ 
cined and dissolved in sulfuric acid, together with by-product 
ammonia from the coal-gas industry. Iron is apt to be present 
as an impurity but it is largely removed by recrystallizing the 
alum from water. Commercial forms of ammonium alum are 
granular, lump, powdered and burnt. The U.S.P. grades of 
the hydrate and the anhydrous form meet the same standards 
set for the corresponding potassium compounds. Uses are 
similar to those of aluminum sulfate, 
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Sodium aluminum sulfate, sodium alum or soda alum, 

Na 2 S 04 ,Al 2 (S() 4 ) 3 , 24 H 20 , is similar to the other aluminum 
alums. Aluminum sulfate is obtained by the action of sulfuric 
acid on some natural source of aluminum. Sodium chloride is 
added to the solution and the alum formed separates on cool¬ 
ing-. It is purified by recrystallization. Technical and crystal¬ 
line grades are sold. It is used for much the same purposes as 
the aluminum sulfate and in addition is used as the acid in¬ 
gredient in some types of baking powder. 

Aluminum chloride must be considered as two dilTerent 
chemicals, one anhydrous and the other a hydrate. Anhydrous 
aluminum chloride, AICI 3 , is normally a yellow to greenish 
material. If pure it is white. The material absorbs moisture 
from the air, giving off hydrogen chloride gas. If added to 
water it reacts with explosive violence to form aluminum hy¬ 
droxide or a basic chloride and give off hydrogen chloride. It 
is soluble in many organic solvents. Anhydrous aluminum 
chloride is made by heating aluminum with chlorine gas or 
hydrogen chloride or by calcining bauxite and heating with 
carbon and chlorine gas. Iron and silicon arc the impurities 
most apt to be present. It is used as a reagent in synthetic 
organic chemistry and as a catalyst in oil cracking. The de- 
veloj)ment of a large market for the latter purpose has radically 
reduced the price. 

Hydrated aluminum chloride, Al 2 Cl 6 , 12 H 20 , is very soluble 
in water, alcohol or ether. The ac[ucous solution hydrolyzes 
to give an acid reaction. It is made by solution of l)auxite 
or aluminum hydrate in hydrochloric acid. Cxrades arc com¬ 
mercial crystals and a 32'^ Baume solution. It is used for water 
purification, in printing dyestuffs and for miscellaneous pur¬ 
poses where the sulfate radical of aluminum sulfate would 
interfere. 

Feldspar is a potassium or sodium aluminum silicate of 
somewhat indefinite composition. It is insoluble in water and 
substantially insolulile in acicls. It may be white, flesh color, 
blue, or green. The usual composition approximates KoO, 
AljO.t.bSiOj. It is graded in the trade to over 17 per cent 
gf egntbined aluminum gxide content. Silica will normally 
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exceed 67-68 per cent. In potash spar, from 10-12 per cent 
of combined potassium oxide will be present, and in soda spar 
9-10.5 per cent of combined sodium oxide. Potash spar contains 
some sodium oxide and soda spar some potassium oxide. The 
material is mined, classified and crushed. Grades quoted are 
enamel, 100 mesh; glass, 20 mesh; and pottery. As indicated 
from the grades, it is used as a chemical to furnish the aluminum 
content in glass and enamels and as a constituent part of pottery 
bodies. In addition, some is used as an abrasive in household 
cleaners and for other miscellaneous purposes. To a minor 
extent other aluminum compounds such as pyrophyllite, 
nepheline syanite and even talc, a magnesium silicate, com¬ 
pete in various applications. 

Clay is a general term usually applied to a product because 
of physical rather than chemical properties. The materials so 
named are aluminum silicates of varying degrees of refinement. 
China clay or kaolin consists essentially of a hydrated aluminum 
silicate, contaminated with some finely divided quartz and 
mica, which may not be entirely removed during the washing 
process to which the naturally occurring material is subjected. 
The presence of quartz and mica introduces small amounts of 
iron, lime, magnesia and alkalis. Clay is found in England and 
in various parts of the United States. English clay is more 
plastic and whiter in color than most of the American kaolins. 
The clay is infusible, plastic when wet, and retains its white 
color at high temperatures. It is insoluble in water, acid or 
aqueous alkali but dissolves in fused alkalies. Domestic grades 
are dry-ground, air-floated 99.75 per cent through 300 mesh, 
and 99.75 per cent through 200 mesh; and water-ground, silk- 
bolted 99.9 per cent through 325 mesh. Imported grades arc 
white, lump and powdered. China clay is used in making 
porcelain, tiles, and electrical insulators, and as a pigment and 
filler in paper, textiles, paint, rubber, etc. 

Bentonite is a naturally occurring colloidal clay found in 
the western part of the United States. It swells greatly when 
wet with water. This swelling is promoted by various treat¬ 
ments such as admixture of magnesium hydroxide. Grades 
are 96 per cent through 300 mesh and 92 per cent through 200 
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mesh. It is used as a plasticizing agent as in pottery clay, as a 
bonding agent in chemical porcelain, pencil lead, molding sand, 
etc., as a dispersing agent in emulsions and suspensions, and 
as filler in rubber and other compounds. 

Fuller’s earth is a naturally occurring clay consisting largely 
of hydrous aluminum silicate. It somewhat resembles potter’s 
clay but is lacking in plasticity and is highly adsorbent. The 
name originates in its use for fulling cloth, for which there is 
relatively little demand left. Domestic and imported grades 
are sold, of which the imported is much more expensive. It 
is used as a decolorizing agent, filtering medium and as a filler 
in varied products. Some grades are acid-treated to increase 
their efficiency as decolorizing agents. 

Mica is the name of a class of minerals varying widely in 
composition and occurring in various parts of the world. Essen¬ 
tially they are silicates of aluminum and an alkali such as 
potassium, sodium or lithium. Iron, magnesium and chromium 
may be present, so that the product varies in color from trans¬ 
parent to gray, green, red, brown or black. The usual form 
occurs in very thin, more or less elastic leaves. Dry-ground 
grades are plastic, 40 mesh, 100 mesh, 140 mesh and roofing. 
Mica is used in paint and lacquer; wall or coated paper, and 
rubber. Sheet mica is also known and sold as rather large 
sheets for use as transparent windows to withstand heat, 
where glass will not serve. 

Slate flour is a finely ground slate, a rock consisting of 
hydrous aluminum silicate with admixtures of many other 
minerals. It is colored gray, green and black by impurities. 
Uses are as an inexpensive filler where the color is not an 
objection. 

Ultramarine blue is an insoluble, bright blue pigment of 
variable composition. It is sometimes called imitation ultra- 
marine blue, since a natural blue ultramarine is known. It is 
prepared by roasting a mixture of kaolin, soda ash, sulfur and 
charcoal, and sometimes sodium sulfate and silica, and grind¬ 
ing the product to a powder. The dry pigment is sold in a 
jobbing grade, in many regular grades by number and letter, 
and in six special grades by number. Pulp ultramarine blue 



108 


CHEMICALS OF COMMERCE 


is sold in four grades by number. It is used as a paint pigment, 
in calico printing, in laundry blue, printing ink, for neutralizing 
the yellow color of paper, for coloring soaps, rubber, linoleum, 
plastics, etc. 

Normal aluminum acetate, A 1 ( 02 CCH 3 ) 3 , is soluble in cold 
water but decomposed by hot water to give basic aluminum 
acetate, Al(OH) (02CCH3)2. The latter is insoluble in water 
but soluble in strong acids. The normal salt is more strongly 
hydrolyzed than other aluminum salts. It is made by the re¬ 
action of aluminum hydroxide with acetic acid and, because 
of its instability, the normal acetate is sold in C.P. 20 per cent 
solution. It is of particular value to the dyer as a mordant and 
in the preparation of lakes. It is also used as a waterproofing 
agent on textiles, and in embalming. The basic acetate has 
much the same uses as the normal acetate. 

Aluminum stearate, Al| 02C(CH2)i(;CH3 | 3 , is a soap. It is a 
white to yellow amorphous powder, insoluble in water but 
soluble in turpentine or in petroleum solvents. It is produced 
by mixing solutions of a soluble aluminum salt and sodium 
stearate. The precipitated grade is available commercially and 
is used as a drier in protective coatings, a thickener for lubri* 
eating oils, as a waterproofing agent, and for producing gloss 
on varied products. 

Aluminum oleate, Al[02C(CHe)7CH :CH(CHo) 7 CH 3 l 3 , is 
a soap similar to the stearate in properties, preparation and 
uses, except that it is a gelatinous mass rather than a dry solid. 

Aluminum palmitate, Alj 02C(CH2)i4CH3]3, is another 
aluminum soap analagous to the stearate. It is a yellow to 
white amorphous solid. 

Aluminum resinate is an impure aluminum abietate, 

A 1 ( 02 CCi 9 H 29 ) 3 , a brown amorphous soap precipitated bv 
reaction of soluble aluminum salts and sodium abietate. The 
properties and uses are similar to those of the stearate. A 
fused grade is also made by heating rosin with aluminum hy¬ 
droxide, but the reaction is incomplete. 

Chromium, Cr, is a bright, hard metal used as an alloying 
element, and in the pure form, as a plating material. The nat¬ 
ural ore is largely iron chromite, Fe(Cr02)2. The metal is of 
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major importance in chrome steel, which usually contains about 
2 per cent, and in stainless steel or rustless iron, which usually 
contains about 14 per cent, as well as in alloys like nichrome, 
60Ni, 15Cr, 25Fe. 

Development of methods of plating from solutions of chro¬ 
mic acid revolutionized the plating industry within a compara¬ 
tively few years. Nickel plating was largely replaced by 
chromium plating, which gives a brilliant, bluish-white, non¬ 
tarnishing surface. Usually brass parts are first nickel- or 
copper-plated as a base for chromium plating. 

Chromium is both acidic and basic in its properties. It is 
soluble in hydrochloric and sulfuric acids, but is made ‘"pas¬ 
sive” or nonreactive by nitric acid. Compounds such as sodium 
or potassium chromates or bichromates and chromic acid have 
already been discussed. Zinc chromate, known as zinc yellow, 
appears under zinc. Lead chromate or chrome yellow and the 
derived chrome greens appear under lead. When chromium 
is in the negative radical the compounds are usually yellow. 
Tn contrast to these the chromic salts are usually green, a color 
associated with the chromic ion. Chromous compounds also 
exist but are relatively unimportant. 

Chromic oxide or chrome oxide green, Cr^Oa, is insoluble 
in water but slightly soluble in acids. It is a medium green 
})igment obtained by heating dry ammonium bichromate, by 
heating chromium hydroxide, or by heating potassium bi¬ 
chromate with sulfur, and washing out the potassium sulfate. 
The oxide is offered as ordinary domestic; ceramic, standard 
grade; ceramic, light shades; and imported. It is used mainly 
in ceramics as a coloring agent. While used in paints, it is 
not to be confused with chrome green, which is a mixture of 
Prussian blue and lead chromate. 

Chromic sulfate or chromium sulfate, Cr2(S04)3,15H20, is 
very soluble in water. A series of hydrates are formed but the 
15-hydrate is the commercial one. The product is obtained by 
treating the hydroxide with sulfuric acid, and is offered in 
pearls, powder and scales. It is used as a mordant in dyeing, 
and for production of other chromium compounds. Basic 
chromic sulfate used in the tanning of hides, is usually pro- 
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ciuced in the tannery by reduction of the cheapest soluble 
chromium compound, sodium bichromate, with a cheap reduc¬ 
ing agent, both for reasons of cost and to obtain the desired 
control of the degree of basicity. 

Chrome alum, chrome potash alum or potash chrome alum, 
K2S04,Cr2(S04)3,24H20, is one of the double salts called alums. 
It is prepared by crystalliation from the proper proportions of 
chromic sulfate and potassium sulfate, the alum being less solu¬ 
ble than either salt. This furnishes a means of purification. 
The violet-red crystals are used technically where high purity 
of the chromium salt is essential as in some mordanting and 
printing operations, and in the manufacture of inks. Occa¬ 
sionally it is used for tanning and other purposes in place of 
chromic sulfate. Chrome ammonium alum or ammonium 
chrome alum, (NH4)2S04,Cr2(S04)3,24H20, is similarly pre¬ 
pared and used. 

Chromium fluoride, CrF3,4H20, is a green powder. The 
water of hydration may vary. It is very soluble in cold water 
and soluble in alcohol. It is produced by solution of chromic 
oxide in hydrofluoric acid, and usually sold as a powder. Major 
uses are in the printing and dyeing of textiles and as a coloring 
for artificial and natural stone. 

Chrome cake or chrome saltcake. See sodium sulfate. 

Chromium acetate or chrome acetate, Cr(02CCH3)3,H20, 
is a soluble gray-green salt produced by the reaction of chromic 
hydroxide and acetic acid. It is quoted in somewhat impure 
form at 17.5 per cent of chromium; in a solution containing 8 
per cent of chromium; and as a 20 degree Baume solution. 
The major use is as a mordant in dyeing and printing textiles. 

Chrome yellow : See lead chromate. 

Chrome green: See lead chromate. 

Chrome orange: See basic lead chromate. 

Chromium trioxide: See chromic acid. 

Iron, Fe, is a rather reactive metal, soluble in acids. While 
bright when exposed, oxidation to form an oxide occurs rather 
quickly. In a very thin layer this may be yellow or blue; in a 
thicker layer, black, but commonly it is red, brittle, and non¬ 
adherent, resulting in scaling and the further corrosion of ex- 
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posed surfaces. This tendency to corrosion is largely due to 
the presence of substantial amounts of impurities. Iron is 
widely distributed, largely as the ferric oxide, hematite. The 
metal is obtained from this by smelting with coke and is fur¬ 
ther purified to produce steel. Typical iron contains carbon, 
2-4.5 per cent; silicon 0.7-3 per cent; sulfur 0.1-0.3 per cent; 
phosphorus 0-3.0 per cent; and manganese 0.2-1 per cent. 
When cooled rapidly this is white cast iron which is brittle. 
Cooled slowly much of the carbon separates as graphite to give 
gray cast iron which is softer and tougher. In wrought iron 
slag inclusions occur and the structure is fibrous. This form 
is now of minor importance. In steel all impurities are reduced, 
but in particular carbon is only 0.5-2 per cent. The metallurgy 
is a matter of detailed technical art. Much is recovered from 
prior use as scrap metal. 

Both ferrous or bivalent and ferric or trivalent compounds 
are important. The ferrous are usually green and the ferric 
red to brown. Iron as a negative radical is of no importance 
although ferrites and ferrates exist. Often the compounds 
are called iron salts such as iron chloride instead of ferric 
chloride, a practice which assumes that the user will be suf¬ 
ficiently familiar with the subject to know which is meant. 

Reduced iron or ferrum reductum is a special form of finely 
divided metallic iron. It is soluble in acids but not in water or 
alkalies. This grade is produced from iron oxide by heating 
in a stream of hydrogen. The usual grade is 90 per cent. The 
U.S.P. grade contains not less than this. It is used with acid 
as a less powerful reducing agent than zinc dust. 

Iron oxides have many forms and technical uses aside from 
serving as the principal ore of iron. Magnetic iron oxide, black 
iron oxide or black rouge, Fe 304 , is a natural ore, magnetite. 
The oxide is also produced synthetically. It is quoted as pure 
and as grades 1 and 2 of lower quality. Aside from metallur'* 
gical uses it serves as a very stable pigment. Red iron oxide 
or red oxide is the mineral, hematite, or a synthetic oxide. The 
latter is obtained by calcining ferrous sulfate. The color can be 
regulated by the conditions of calcination. By adding hydrated 
lime in calcination this is converted to calcium sulfate, and a 
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diluted iron oxide obtained directly. Ferrous oxalate also 
gives the red oxide on decomposition by heat. 

Persian red or Persian gulf oxide is a natural earth pigment 
which derives its name from the locality from which it was 
originally obtained, the land surrounding the Persian Gulf. 
It consists mainly of ferric oxide, and is also known as Indian 
red. It is quoted as pure and 80-85 per cent. Spanish oxide is 
another natural iron oxide. Synthetic iron oxide with or with¬ 
out extenders, added inert matter, is rouge or crocus. Purple 
oxide is a calcined iron pyrites. Pure red oxide is quoted of 
80 or 85 per cent purity. Tuscan oxide or Tuscan red is an ex¬ 
pensive form of oxide consisting of an iron oxide pigment used 
as a base for an organic lake of the para toner type. From 5 
to 20 per cent of croceine, eosin, alizarin, etc., are often used 
fur the purpose. Other names are too numerous even to list. 
These varied oxides are used as pigments in paint and rubber 
goods and numerous other products. Natural oxides mixed 
with wood shavings are used for the removal of sulfur com¬ 
pounds from gas. Manufactured grades are used as very fine 
abrasives. 

Metallic red is an earth or ore which occurs naturally in 
Pennsylvania and which contains about 90 per cent of ferric 
oxide. The ground material is used in coloring bricks and in 
low-priced paint, as in roof paint. It is also sold under the 
name of metallic brown, although red in color. Under that name 
it may contain extenders, reducing the ferric oxide content to 
50-70 per cent. 

Brown iron oxide is a synthetic material precipitated from 
a mixture of ferrous sulfate and sodium carbonate, and sold for 
use as a pigment. 

Turkey brown or Turkey umber is a natural earth which 
serves as a permanent pigment and which contains iron and 
manganese oxides, and some clay. It is used in paint. 

Brown umber or burnt umber is a naturally occurring brown 
earth containing iron and manganese oxides and silica. Grades 
sold are American and Turkey umber. The latter comes from 
Cypress, is judged superior to the American product and com¬ 
mands a premium. Brown umber is used as a permanent pig- 
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mcnt for ink, paint, etc. Vandyke brown is obtained from bog 
earth and contains iron oxide plus organic matter. It is used 
as a lirown pigment. 

Brown sienna is a naturally occurring amorphous product 
consisting mainly of hydrated iron oxide with some silicates 
and manganese oxide. Raw sienna is the natural material 
quoted in domestic and in numerous Italian grades. Burnt 
sienna produced by careful calcination has a deeper color and is 
similarly quoted. Both have varied uses as pigments. 

Yellow iron oxide or yellow umber is a natural grade which 
is a mixture of hydrated iron oxides. As made synthetically 
ferrous hydroxide is precipitated from ferrous sulfate solution 
with lime or caustic soda or a mixture of the two, and oxidized 
by blowing with air. The synthetic grade therefore may con¬ 
tain more or less calcium sulfate according to the conditions 
of precipitation. Both natural and synthetic grades are quoted 
for various pigment uses. 

Yellow ocher is a naturally occurring earthy material con¬ 
taining hydrated iron oxide and silicates. It varies in quality 
according to the depth of color and the amount of oil recjuired 
as a vehicle. Several grades of American and French golden 
and yellow ocher are sold by letter designations for use as 
pigments. 

Ferrous sulfate, green vitriol, or copperas, FeS04,7HoO, is 
a greenish crystalline salt, often known as iron sulfate although 
there is also a ferric sulfate. It is very soluble in water. It 
may be obtained by allowing pyrites, FeSo, to oxidize in con¬ 
tact with water. Practically, it is a by-product from pickling 
iron and steel, as in the tin plate and galvanizing industries, 
and is also produced by solution of detinned scrap or other 
grades of iron in dilute sulfuric acid. The crystals are ob¬ 
tained on evaporation. Crystalline and granular grades are 
sold. The U.S.P. grade contains 54.v36-57.07 per cent of an¬ 
hydrous ferrous sulfate, corresponding to not less than 99.5 
per cent of the heptahydrate. It is a raw material for making 
iron oxide pigments, a cheap iron salt for clarification of water 
or industrial waste, and serves as a basis for making many other 
iron compounds. 
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Ferric sulfate, iron persulfate or iron trisulfate, Fe2(S04)3> 
usually contains about 5 molecules of water of hydration, and 
is a brown crystalline compound. Theoretically it exists as 
anhydrous or with 9 molecules of water. It is slightly soluble 
in water. A U.S.P. aqueous solution is sold containing 9.5-10.5 
per cent of iron. It is used in dyeing, in etching aluminum, 
and in medicine. 

Pyrites is an insoluble, yellow to brown, naturally occur¬ 
ring sulfide of iron expressed by the formula FeS 2 . Small 
amounts of other metals are usually present, such as nickel, 
cobalt, copper, arsenic, silver, etc. It occurs in various 
parts of the world but the major deposits are in Spain. It 
is used in the manufacture of sulfuric acid and as an iron min¬ 
eral. It is not to be confused with ferrous sulfide, FeS, a syn¬ 
thetic material used for the generation of hydrogen sulfide by 
reaction with dilute acids. 

Ferric chloride, iron chloride, iron perchloride or iron tri¬ 
chloride, FeCl3,6H20, is a very deliquescent yellow salt. It is 
extremely soluble in water and very soluble in alcohol, glycer¬ 
ine and ether. The usual commercial form is produced by 
passing chlorine into a solution of ferrous chloride and evapo¬ 
rating excess water, or by solution of an oxide or hydroxide 
of iron in hydrochloric acid. Technical and U.S.P. crystals, 
and a U.S.P. solution are sold. The latter contains 10-11 per 
cent as iron and 3-5 per cent of hydrochloric acid. A 40 degree 
Baume solution is often quoted. Uses are as a dyestuff mor¬ 
dant, as an oxidizing agent, as a medicinal, and in general as 
a source of highly soluble ferric ion. Anhydrous ferric chlor¬ 
ide, FeCla, also is known. It is obtained by the action of dry 
chlorine on red-hot iron, or by passing hydrochloric acid vapor 
over heated ferric oxide. Its properties are very similar to 
those of anhydrous aluminum chloride but of a lower degree 
of reactivity. 

Ferrous iodide or iron iodide is a blue-gray, hygroscopic 
material, hydrated to approximately the composition Felj, 
3 H 2 O. It is very soluble in water, soluble in alcohol and 
formed by the direct union of the elements, iodine and iron. 
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The latter is used in the form of filings to facilitate reaction. 
It is sold as a solid or in syrup form and is used for the forma¬ 
tion of other iodides and in pharmaceuticals. 

Ferric nitrate or iron nitrate, Fe(N03)3»9H20, is a gray to 
violet deliquescent salt, very soluble in water and soluble in 
alcohol. It is produced by dissolving scrap iron in concentrated 
nitric acid and crystallizing. The commercial grade is used 
as a mordant. 

Iron phosphate is used in both the ferric and ferrous forms. 
Ferric phosphate, FeP04,4H20, is a yellowish-white powder, 
insoluble in water but soluble in acids. It occurs naturally 
as a mineral and is also obtained by the reaction of trisodium 
orthophosphate and ferric chloride. A medicinal product sold 
under the same name is water-soluble and contains sodium 
citrate. This is a characteristic property of various ferric phos¬ 
phates, insolubility in water but solubility in solutions of salts 
of organic hydroxy acids. Scale and pearl forms are sold for 
use in medicine. Ferrous phosphate, Fe3(P04)2»8H20, is a 
grayish-blue powder, soluble in mineral acids but insoluble in 
water. It occurs as a mineral, is produced by the reaction 
of ferrous sulfate with trisodium phosphate, and is used in 
medicine. 

Ferric pyrophosphate or iron pyrophosphate, Fe4 (P 207 ) 3 , 
is a yellowish-white powder, soluble in acids and organic salt 
solutions but not in water. It is formed by the reaction of a 
soluble ferric salt with pyrophosphoric acid or of ferric citrate 
and tetrasodium pyrophosphate. Scale and pearl forms are 
sold for use in medicine. 

Ferric hypophosphite or iron hypophosphite, Fe(H 2 P 02 ) 3 » 
is a grayish-white powder, almost insoluble in water but solu¬ 
ble in solutions of citrates. It is formed by the reaction of hypo- 
phosphorous acid and ferrous carbonate with air oxidation or 
by reaction of an alkali hypophosphite and ferric chloride, and 
is used in medicine. 

Ferric glycerophosphate or iron glycerophosphate is ap¬ 
proximately Feoj P04C3Hr,(0H)o]3, prepared by methods anal- 
agous to the other glycerophosphates, and is sold in the form 
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of a powder or yellow to green scales. It is very soluble in 
water and is used medicinally for correction of iron and phos¬ 
phate deficiency in the diet. 

Prussian blue is mainly ferric ferrocyanide Fe4[Fe(CN)fl];i, 
but contains some sodium and may contain potassium. 
The intense blue pigment is insoluble in water but soluble 
in acids and alkalies with decomposition. It is amor¬ 
phous and is produced by precipitating a solution of a ferrous 
salt with sodium ferrocyanide. The precipitate of ferrous fer¬ 
rocyanide, which is nearly white, is oxidized with a common 
oxidizing agent such as sodium bichromate and sulfuric acid, 
to form ferric ferrocyanide. Alternatively the ferrous salt may 
be oxidized to the ferric salt before precipitating. Several va¬ 
rieties of Prussian blue are sold, made by slightly different 
methods of manufacture, but essentially the same chemically. 
Bronze blue has a greenish and bronze undertone. Celestial 
blue is a Prussian blue reduced with 80-90 per cent of l:)arytes. 
Chinese blue is similar to bronze blue and has a greenish under¬ 
tone. Milori blue is greenish and brighter than l^ronze blue. 
These products differ slightly from each other because of dif¬ 
ferences in the method of manufacture. Peacock blue or 
permanent blue are terms for Prussian blues treated with i)hos- 
photungstic acid to give greater stability, particularly to light. 
Soluble blue is made by sedimenting Prussian blue as a pulp, 
working in oxalic acid or ammonium oxalate and drying. It 
then disperses readily in water. These pigments are available 
in dry form, or often as pulp. They are used for coloring where 
acid and alkaline sensitivity will not destroy them, as in ])aints, 
ink, match heads, etc. Soluble Prussian blue is used for laun¬ 
dry blue in the home but not in commercial laundries. Prus¬ 
sian blue combined with chrome yellow gives chrome green, 
as discussed under lead chromate. 

Potash blue is related to Prussian blue. It is a class of pig¬ 
ment made by mixing potassium ferrocyanide and ferrous sul¬ 
fate and oxidizing the resulting ferrous ferrocyanide. The final 
product contains some potassium. It is largely used in making 
carbon paper. 
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Ferric acetate or iron acetate, Fe 2 ( 02 CCH 3 )o, cannot read¬ 
ily he obtained as a solid but is available as an aqueous solu¬ 
tion. In drying, insoluble basic ferric acetate, Fe(OH)- 
( 02 CCH 3 ) 2 , is obtained instead of the normal acetate. The 
latter is produced by the action of excess acetic acid on ferric 
hydroxide. The commercial grade is N. F. IV and contains 
about 31 per cent of anhydrous ferric acetate. A 17 degree 
Baume solution is also quoted. It is used medicinally and to 
form the basic acetate as a mordant. 

Ferrous oxalate or iron oxalate, FeC204,2H20, is obtained 
in the form of pale yellow crystals almost insoluble in water 
but soluble in acids. It is precipitated from a solution of a 
soluble ferrous salt and sodium oxalate. Scale and powdered 
forms are sold for use in photography and in the related blue¬ 
printing art, where minor differences in composition are im¬ 
portant. These differences give rise to a large number of 
nearly similar iron salts. 

Ferric sodium oxalate or iron soda oxalate, 2 [Na 3 Fe- 
(C204)3 1 , 9 H 20 , is an emerald-green crystalline salt, very solu¬ 
ble in water. It is formed by the reaction of sodium acid oxa¬ 
late and ferric hydroxide and is used in photography and blue¬ 
printing, Ferric oxalate Fe 2 (C 204 ) 3 , is not as stable nor as 
satisfactory. 

Ferric potassium oxalate or iron potash oxalate, 2 [K 3 Fe- 
(C204)3 |, 9 H 20 , is similarly prepared and has properties and 
uses similar to the corresponding ferric sodium compound. 

Ferric ammonium oxalate or iron ammonia oxalate, 
(NIl4)3Fc(C204)3,4H20, consists of very soluble green crystals 
produced by the reaction of ammonium acid oxalate and ferric 
hydroxide. A crystalline grade is sold for use in the prepara¬ 
tion of blueprint paper. 

Ferric citrate or iron citrate, FeC6Hr,07,3H20, is a garnet- 
red compound nearly insoluble in cold water but soluble in hot. 
It is produced by the reaction of ferric hydroxide with citric 
acid. The U.S.P. VIII grade is sold in scale, pearl and pow¬ 
dered forms, containing not less than 16 per cent of iron. It 
is used in making blue-print paper, and like many other iron 
salts as a medicine. 
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Ferric ammonium citrate or iron ammonia citrate results 
from the reaction of ferric hydroxide with citric acid, followed 
by addition of the proper amount of ammonium hydroxide. 
The composition is indefinite. Brown and green grades are 
sold in scale, granular and pearl form. It is administered as 
medicine for its iron content and is used in the preparation of 
blue-print paper. 



CHAPTER XII 


ARSENIC, ANTIMONY AND TIN 

Arsenic, As, occurs to such an extent in minerals refined 
for other values that there is a potential supply much larger 
than the demand. It is usually recovered as a by-product 
from the smelting of cobalt, nickel, copper and other ores, as 
the so-called white arsenic, which is the anhydride of arsenious 
acid and which has been discussed under that heading in the 
chapter on acids. The metal is obtained by reduction of the 
oxide and is a gray to black solid, usually crystalline but some¬ 
times amorphous. The metal is insoluble in water but soluble 
under oxidizing conditions as in nitric acid or chlorine-water. 
While all soluble arsenic compounds are poisonous, the metal 
is not because of its insolubility. It is used to a small extent 
as an alloying material in lead but as an element is relatively 
unimportant. Arsenic occurs more as a negative or acid-form¬ 
ing than as a positive or basic element. Therefore its salts, 
such as sodium or potassium arsenite and arsenate, as well as 
others, are described with the proper positive element. Paris 
green is an important copper salt of arsenic. 

Arsenic bisulfide or red arsenic, AS2S2, is soluble in alkalies 
but not in water and occurs naturally in reddish-orange prisms 
as realgar or orpiment. It is also manufactured by subliming 
from a mixture of iron pyrites and arsenical pyrites and is used 
as a pigment and in pyrotechnics. 

Arsenious chloride or arsenic trichloride, AsCla, is a color¬ 
less, fuming, oily liquid which decomposes on contact with 
much water to form arsenious acid and liberate hydrogen 
chloride. It can exist in dilute solution in concentrated hydro¬ 
chloric acid, and is soluble in alcohol, ether and many other 
anhydrous organic solvents. Arsenic chloride is produced by 
the direct union of arsenic with chlorine, or in solution by dis¬ 
tilling arsenious oxide with concentrated hydrochloric acid. 
It is used as a reagent in the synthetic manufacture of organic 
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chemicals, including poisonous war gases. The use is limited 
by its high price. Hydrates analagous to those of aluminum 
and ferric chlorides do not exist. 

Arsenious iodide or arsenic triiodide, Asia, is an orange- 
red powder soluble in water, alcohol, ether and other organic 
solvents. It is obtained by the direct union of arsenic with 
iodine and is used in medicine. The U.S.P. grade contains not 
less than 99 per cent of the salt. 

Antimony, Sb, is a gray metal which occurs naturally as 
the sulfide, Sb^Ss, called stibnite. This is reduced to the ele¬ 
ment, which is insoluble in water, but soluble in hot concen¬ 
trated sulfuric acid. Major uses as a metal are in hard lead, 
which contains IS per cent of antimony, and in type metal. 
Domestic and Chinese grades are quoted. While antimony 
enters into the negative radical of salts, these are unimpor¬ 
tant. Some of the compounds in which it is a positive element 
are widely used. In general they are white, the sulfides being 
exceptions, and if soluble in water are poisonous. Some of 
the salts require the presence of acid to prevent formation of 
an insoluble basic salt. 

Antimony trioxide or antimony oxide, SboOa, is the usual 
form of white oxide, insoluble in water but soluble in acids or 
alkalies. It is an acidic oxide but none of its salts as an acid 
are important. Preparation is by oxidizing antimony with 
dilute nitric acid, by burning antimony in the presence of a 
limited amount of oxygen, or by decomposing antimony tri¬ 
chloride with an aqueous solution of sodium carbonate. Do¬ 
mestic and imported grades are quoted. As white antimony 
pigment it enters the market in varied grades of 96 - 99.5 per 
cent purity, usually containing some sulfate and even sulfide. 
Aside from pigment use, antimony oxide is a basis for the manu¬ 
facture of antimony salts. 

Antimony sulfide or antimony trisulfide, Sb2S3, is insoluble 
in water but soluble in alkalies. It occurs in two forms. As 
found in nature it is a black crystalline substance. When pre¬ 
cipitated from solutions of antimony salts, it is an orange-red 
powder. The latter turns black on being heated to 200 ® C. 
This sulfide is also known as antimony needles. It is used in 
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making matches, in ruby glass, in refining gold and as a pig¬ 
ment. Golden antimony suliide is a mixture of Sb2S5 with 
some free sulfur. The amount of sulfur may vary from 1 to 
40 per cent. It is precipitated from sodium antimonate by 
soluble sulfides and is used primarily as a rubber pigment. 
This form of antimony sulfide varies in color from light orange 
to deep red. It is suitable for use in rubber because it is nor¬ 
mally free from copper and manganese, which are present as 
impurities in practically all natural earth pigments and many 
synthetic ones. Absence of copper and manganese is essential 
to avoid deterioration of the rubber. 

Antimony trichloride or butter of antimony, SbCls, is a soft, 
white to yellow, deliquescent material extremely soluble in 
water and soluble in alcohol and many other organic solvents. 
It is obtained by burning metallic antimony in chlorine ; by dis¬ 
solving antimony trisulfide in hydrochloric acid followed by 
distillation; or by distilling antimony with excess of mercuric 
chloride. The soft crystals react readily with an excess of 
water to liberate hydrochloric acid and to form antimony oxy¬ 
chloride, SbOCl, which is insoluble. Both the domestic and 
imported product are sold in the form of a solution of antimony 
trichloride. The crystalline form is also available. Antimony 
trichloride is used as a bronzing solution for iron, such as on 
gun barrels, for coloring other metals, in the preparation of 
other antimony salts, in dyeing, in plating and in medicine. 

Antimony salt is a trade term for a mixture containing anti¬ 
mony fluoride and sodium fluoride. It sometimes contains 
ammonium sulfate in place of the sodium fluoride. It is also 
called de Haens salt and is used as a mordant in dyeing and 
printing textiles. 

Antimony potassium tartrate or tartar emetic occurs as 
K(Sb0)C4H40«,J/2H20, colorless or white crystals, soluble 
in cold water, very soluble in hot water and soluble in glycerine. 
It is prepared by heating antimony trioxide with potassium 
bitartrate in aqueous solution. The U.S.P. grade is in pow¬ 
dered form, having a content of not less than 99 per cent of 
the salt of the formula above. A technical grade is sold as 
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crystals and as powder. The salt is used as a mordant in dye¬ 
ing, and in medicine. 

Tin, Sn, is a bright metal which is more important as the 
metal than in the form of its salts. Tin is soluble in mineral 
acids. The principal ore is cassiterite, which contains a large 
proportion of stannic oxide, Sn02. The ore is pulverized and 
washed to remove foreign substances such as granite and slate. 
It is next roasted to drive off arsenic and change iron and cop¬ 
per sulfides to the oxide and sulfate respectively. After further 
washing to remove these, the oxide of tin is reduced with car¬ 
bon, and cast. From its physical form the pure metal is often 
referred to as block tin. The usual grade is Straits, indicating 
its origin. 

Since it does not react readily with organic acids, it is widely 
used for plating containers for the food industry. Thus a 
tin can consists of tin-coated iron; the metallic tin would 
not have adequate strength. The protection which it gives to 
the iron underneath is limited by the fact that tin is less active 
than iron. Therefore in case of a break in the coating, corro¬ 
sion attacks the iron and perforation of the can may result. 
For this reason many tin cans containing acid foods are lined 
with lacquer or resinoid as an additional protection. Many 
items are marketed in tin tubes which are made of an alloy 
hardened with 0.5-5.0 per cent of copper. The malleability of 
tin permits it to be rolled into thin foil useful as wrapping for 
small items, mainly food products. Tin is used in many alloys 
of which the following are illustrative: Babbitt metal, Sn 90, 
Sb 7, Cu 3; solder, many formulas, such as Sn 50, Pb 50; pewter, 
Sn 80, Pb 20; type metal, many formulas, such as Pb 82, Sb 15, 
Sn 3; white metal, Pb 75, Sn 24, Cu 1; bronze, Cu 80, Sn 15, 
Zn 5; gunmetal, Cu 90, Sn 10. The salts are normally white 
and poisonous. Both bivalent and tetravalent compounds exist 
and some of each class are used industrially. 

Stannic oxide or tin oxide, Sn02, is white, insoluble in water 
but soluble in concentrated sulfuric acid. The crude cassiterite 
ore can be purified from iron and copper minerals. A pure 
form is obtained by burning tin in excess air. It is also often 
produced in hydrated form by precipitation from solutions of 
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stannic salts, in which case it is known as stannic acid, or meta- 
stannic acid, H 2 Sn 03 . Aside from use in forming tin salts the 
oxide is precipitated on silk as a weighting agent, and on fabrics 
as a fire-retarding agent. It is used as a fine polishing agent 
and as an ingredient of special types of glass. Since tin is 
fundamentally a high-priced metal the oxide is used only 
where less expensive substitutes cannot replace it. Stannic 
oxide is not to be confused with the black stannous oxide, SnO, 
which is unimportant industrially. 

Stannous chloride, tin crystals, or tin salt, SnCl2,2H20, is 
extremely soluble in water and soluble in alkalies or in alcohol. 
It is formed by solution of tin in hydrochloric acid. The aque¬ 
ous solution is unstable, being oxidized by air to stannic forms, 
unless excess of hydrochloric acid and crystals of metallic tin 
are present. The solid white crystals are the commercial form. 
Stannous chloride is used as a powerful reducing agent in syn¬ 
thetic organic chemistry, as a mordant in dyeing and printing 
textiles, as a discharge in textile printing, in the glass-silvering 
art and for numerous miscellaneous purposes. 

Stannic chloride or tin tetrachloride, SnCU, is a colorless 
liquid which fumes in the air. It is soluble in alcohol or other 
anhydrous organic solvents. Cold water almost completely 
hydrolyzes it, but the stannic acid formed remains in colloidal 
suspension. It is decomposed by hot water. Crystalline hy¬ 
drates are readily formed from the anhydrous material with 
small amounts of water. Stannic chloride is produced by pass¬ 
ing dry chlorine over tin granules and distilling the colorless 
liquid, stannic chloride. Some of the solid product of com¬ 
merce is a complex compound, Na2SnCl6,H20. The product 
is used in synthetic organic chemical reactions and in the textile 
industry. 



CHAPTER XIII 


COPPER, CADMIUM AND BISMUTH 

Copper, Cu, is a red metal of characteristic color. Copper 
is not active enough to displace hydrogen from acids, hut is 
soluble in oxidizing acids such as nitric or hot concentrated 
sulfuric acid. The varied ores are complex oxides and sulfides, 
such as copper pyrites, CuFeS 2 , chalcocite, CuoS, and cuprite, 
CujCX The metal also occurs in the free state. The major 
production is from sulfide ores by concentrating, roasting, 
forming copper matte, containing mainly iron and copper sul¬ 
fides, reducing the matte to crude or blister copper and refin¬ 
ing the latter electrolytically. Recovery of gold and silver 
in the last step pays for the electrolytic refining. Much copper 
is recovered as secondary metal from prior use. Electrolytic 
copper is the standard grade of commerce. 

Copper is important as a good conductor of heat and elec¬ 
tricity and is therefore preferred in electrical equipment to 
aluminum because of its lesser bulk. It is used for alloying 
with other metals. Many brasses are used, of which 60-90 parts 
of copper and 10-40 of zinc represents a range of compositions. 
Some tin is often added. Other alloys are aluminum bronze, 
90 Cu, 10..A1; German silver, 52-60 Cu, 25 Zn, 15-22 Ni ; etc. 
Alloys high in copper are used for industrial equipment such 
as kettles and evaporating pans. Other alloys are used for 
marine fittings, gun parts, mine equipment, etc. 

Copper forms two series of salts, cuprous or monovalent 
and cupric or bivalent. The latter are the important group 
but numerous chemical applications depend on the change in 
valence. All of the soluble salts of copper are poisonous. 

Gold bronze powder or aluminum bronze powder is essen¬ 
tially a yellow alloy of copper and aluminum, although small 
amounts of iron, manganese and tin may also be present. The 
alloy as originally produced contained 90 per cent of copper 
and 10 per cent of aluminum, but smaller proportions of alumi- 
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num may also be used. More than 11 per cent of aluminum 
causes the alloy to become too brittle. It is offered as powder 
which has usually been “polished” by coating with stearic 
acid. Typical grades are litho, moulding, printing-ink and 
radiator, varying greatly in degrees of fineness and in price. 

Copper oxide exists in both in cupric and cuprous states. 
Cupric oxide or black copper oxide is insoluble in water but 
soluble in acids. It occurs naturally, but the pure grade is 
made by gentle ignition of the nitrate, carbonate or hydroxide. 
A s])ecial wire form is as short pieces of copper wire with 
a surface coating of oxide. Cupric oxide has varied uses such 
as to color ceramic materials blue or green, as a mild oxidizing 
agent, as a catalyst and for production of copper salts. 

Cuprous oxide or red copper oxide, CuoO, is insoluble in 
water but soluble in acids, ammonium hydroxide, and am¬ 
monium salt solutions. It occurs naturally and is prepared by 
the controlled heating of copper wire, by the atmospheric oxi¬ 
dation of copper reduced in hydrogen or by reducing an alka¬ 
line copper solution with sugar. A commercial 50-75 per cent 
grade is sold. It is used to color glass ruby-red, to color cera¬ 
mics, and as a mild reducing agent. 

Cupric carbonate, copper carbonate or basic cupric car¬ 
bonate is a dark green to blue powder soluble in acids but in¬ 
soluble in water. It has a composition which may approach 
CuM(OH)i;CO;i. The product is obtained when a soluble car¬ 
bonate such as sodium carbonate is added to a soluble cupric 
salt such as copper sulfate. The normal carbonate does not 
exist. Grades quoted contain 52-54 per cent and 18-20 per 
cent of cupric oxide. The compound is used as a pigment in 
making other copper salts, in insecticides and in pyrotechnics. 
This is the much prized patina present on bronze statuary and 
roofs after long exposure to the weather. 

Copper sulfate, cupric sulfate, blue vitriol or bluestone, 
CuS 04 , 5 H 20 , is a blue crystalline compound which is by far 
the most commonly used copper salt. It also forms a white 
anhydrous salt, CUSO 4 , and a light blue monohydrate. All 
are soluble in cold water and very soluble in hot. The penta- 
hydrate is prepared by the oxidation of copper ores containing 
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the sulfide, or by dissolving cupric oxide in dilute sulfuric acid. 
It hydrolyzes in aqueous solution to give an acid reaction. 
The usual technical grade is normally of better than 99 per 
cent purity, the usual impurities being iron and aluminum. 
The U.S.P. salt contains 63-66.8 per cent of anhydrous copper 
sulfate, corresponding to not less than 98.5 per cent of the 
pentahydrate. The monohydrate is also sold. Copper sul¬ 
fate is used as a mordant, in copper-plating, in electric batteries, 
in germicides and insecticides, in pigments, in the leather in¬ 
dustry, for the production of other copper salts, as a wood 
preservative, in engraving, and to destroy algae in drinking 
water. A mixture of copper sulfate solution and milk of lime 
is known and sold as Bordeaux mixture, a common agricul¬ 
tural insecticide. 

Cupric chloride or copper chloride, CuCl2,2H20, is a light 
blue crystalline compound extremely soluble in water. The 
anhydrous form is yellow. Cupric chloride is obtained by dis¬ 
solving cupric oxide in an excess of hydrochloric acid. The 
salt hydrolyzes to give an acid reaction. It is used as a nujr- 
dant, as a disinfectant, in metal refining, as a catalyst, as a 
preservative for wood, in photography and in water purifi¬ 
cation. 

Cuprous iodide or copper iodide, Cul, is a brown to white 
powder insoluble in water or acids, except hydrochloric, but 
soluble in'^ammonium hydroxide and in potassium cyanide solu¬ 
tion. It is obtained by the spontaneous decomposition of cupric 
iodide, which is formed by adding a soluble iodide to a cupric 
salt. Iodine is liberated. The material has medicinal uses. 

Cupric nitrate or copper nitrate, Cu(N 03 ) 2 , 6 H 20 , is a blue 
deliquescent salt soluble in alcohol and extremely soluble in 
water. It also exists as a trihydrate, Cu(N0;j)2,3H20. Cupric 
nitrate is produced by solution of copper or cupric oxide in 
nitric acid, and is used in photographic emulsions, insecticides, 
electroplating, the coloring of metals, as a mordant in dyeing 
textiles and for other miscellaneous purposes. 

Cuprous cyanide or copper cyanide, Cu 2 (CN) 2 , is a white 
powder insoluble in water but soluble in hydrochloric acid, am¬ 
monium hydroxide and in potassium cyanide splution. It is 



COPPER, cadmium and BISMUTH 


127 


formed by the spontaneous decomposition of cupric cyanide. 
The latter is formed momentarily by the reaction of potassium 
cyanide and a cupric salt. Copper cyanide is very poisonous. 
The technical grade is sold for use in electroplating. 

Cupric acetoarsenite, or Paris green, is the complex salt 
obtained by boiling basic cupric acetate with arsenic trioxide. 
The composition is approximately Cu( 02 CCH 3 ) 2 , 3 CuAs 204 . 
It is insoluble in water but soluble in acids or ammonium 
hydroxide. The green powder is used as an agricultural insec¬ 
ticide and fungicide and in the preservation of wood. Its lim¬ 
ited use as a pigment is declining because of its poisonous 
nature. 

Basic copper acetate or verdigris is formed by the action 
of acetic acid on copper. It is nearly insolu])le in water but 
soluble in acids. There are varying formulas such as a green 
variety, essentially 2 Cu( 02 CCH 3 ) 2 ,Cu 0 , and a blue variety, 
essentially Cu(02CCH3)2,Cu0. The products are used as pig¬ 
ments, for dyeing and printing! calico, and as wood pre¬ 
servatives. 

Cupric stearate or copper stearate, Cu[02C(CH2)igCH3]2, 
is a copper soap, a light blue amorphous powder insoluble in 
water but soluble in most organic solvents except alcohol. It 
is obtained by heating copper sulfate solution with sodium 
stearate solution. The precipitated material is used in anti¬ 
fouling paint and for bronzing. 

Cupric oleate or copper oleate, Cu[02C(CH2)7CH :CH 
(CH 2 ) 7 CH 3 | 2 , is a soap which exists as a blue-green mass. It 
is insoluble in water but soluble in most organic solvents ex¬ 
cept alcohol. The oleate is obtained by the reaction of a solu¬ 
tion of copper sulfate with a solution of sodium oleate. The 
precipitated grade is sold for preserving fish nets and lines, 
and for use as a drier in protective coatings such as paints. 

Cupric resinate or copper resinate, Cu(02CCiftH29)2, is 
another copper soap. It occurs as an amorphous blue powder 
with solubilities similar to those of other copper soaps. The 
resinate is made by heating copper sulfate solution with a solu¬ 
tion of rosin soap. The precipitated grade is used as an insec¬ 
ticide and in anti-fouling paints. 
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Copper phthalocyanine blue is a complex blue pigment be¬ 
longing to the organic class, although, as the name indicates, 
it contains copper. The product appears in two forms, one 
full-strength and one with less strength but more readily 
ground. Copper phthalocyanine is extremely stable to light 
and heat and is nonbleeding and nonreactive to vehicles. It 
has been described as the nearest approach to a perfect color 
material. It is used in paint and in printing inks, but is rather 
expensive. 

Cadmium, Cd, is a silvery metal, insoluble in water but sol¬ 
uble in acids and some ammonium salt solutions. It occurs 
in association with zinc in ores, generally to the extent of 
about 0.5 per cent of the amount of zinc. Cadmium is recovered 
from the first fraction which collects when zinc is distilled. 
By repeated redistillation in the presence of carbon, purified 
cadmium is obtained. As a metal it is important for electro¬ 
plating. It is also an ingredient of many alloys, although not 
in those used in large tonnage. The metal has minor uses. 
Some of its compounds are important pigments. 

Cadmium sulfide or cadmium yellow, CdS, is a yellow pig¬ 
ment, insoluble except in concentrated acids. It occurs natur¬ 
ally as greenockite. Usually it is prepared by precipitation 
from acid solutions of soluble cadmium salts with hydrogen 
sulfide. It is used as a pigment in various media, as in paints, 
soap, printing ink, paper, rubber and in ceramic glazes. The 
yellow color is not changed by hydrogen sulfide. 

Cadmium lithopone is the insoluble mixture of barium sul¬ 
fate and cadmium sulfide analagous to ordinary lithopone which 
is the corresponding zinc product. It is made by mixing solu¬ 
tions of cadmium sulfate and barium sulfide, filtering, cal¬ 
cining, etc., and is available in varied colors such as golden, 
yellow, orange, and primrose. It is used as a pigment for the 
same purposes as cadmium sulfide and is to be visualized as a 
“let-down” grade of cadmium sulfide having greater tinctorial 
power than would result from ordinary physical admixture of 
the ingredients. 

Cadmium red is a complex sulfide-selenide i)igment. It is 
prepared from a mixture of 80-90 per cent of cadmium sulfide 
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and 10-20 per cent of selenium. The mixture is heated to 700° C. 
Shades are light, medium light, medium, medium deep and 
maroon. They are fairly expensive. 

Cadmium selenide is prepared in a reasonably pure form 
and is orange red. Methods of preparation are closely related 
to those for cadmium red and uses are similar. Cadmium 
orange is a “let-down’' form of impure cadmium selenide. 

Cadmium bromide, CdBr 2 , consists of white to yellow 
crystals, is very soluble in water or alcohol, and soluble in ether. 
It is prepared by heating cadmium in bromine vapor for use 
in photography and engraving. 

Cadmium iodide, Cdl 2 , is white and is similar to the bromide 
but even more soluble. It is obtained by treating cadmium 
oxide with hydriodic acid and is used in photography and 
engraving. 

Bismuth, Bi, has the bright appearance usually associated 
with metals. It has a slight red tinge, is hard and brittle, and 
dissolves in hot concentrated nitric and sulfuric acids. It oc¬ 
curs chiefly free but also as the sulfide, bismuth glance, 61283 , 
and bismuth ochre, BioOa. Commercial requirements are 
largely filled by that recovered as a by-product from tin ores 
and during the refining of copper and lead. The oxide is 
reduced with carbon, with or without the use of a flux such as 
fluorspar, soda or lime. In some cases the metal is obtained 
by extraction with acid and reduced by heating the compound 
obtained with carbon and soda ash. The crude metal is usually 
contaminated with lead, iron, arsenic, sulfur, nickel, cobalt, 
antimony, copper, etc., and sometimes with silver and gold. 
Bismuth is one of the few substances which expand on solidify¬ 
ing, a property which it imparts to a number of alloys. Its 
thermal conductivity is the lowest of any metal, its melting 
point relatively low. In alloys it gives very easily fusible 
materials. For this reason it is used to form low-melting alloys 
suitable for plugs in sprinkler systems. Applications are lim¬ 
ited by the relatively high price. 

The compounds are in general white to light yellow. When 
weakly acid solutions of its salts are diluted, an insoluble basic 
salt is usually precipitated. These are called “sub,” “oxy” or 
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“basic’^ salts. The major uses of the salts are for medicinal 
purposes. 

Bismuth trioxide or bismuth oxide, Bi 203 . is a heavy yel¬ 
low powder, insoluble in water but soluble in acids. It is 
obtained by igniting bismuth nitrate, carbonate or hydroxide, 
and also occurs naturally. Uses are in medicine and for the 
preparation of other bismuth salts. 

Bismuth hydroxide or bismuth hydrate, Bi(OH) 3 , is a white 
to yellowish-white powder, soluble in acids but not in water. 
It is obtained as a white precipitate by treating a solution of 
a bismuth salt with a solution of caustic soda. A partially 
dehydrated compound, BiO(OH), is produced by pouring bis¬ 
muth nitrate solution into ammonium hydroxide solution. 
Both are used in medicine. 

Bismuth chloride or bismuth trichloride, Bids, is a yellow¬ 
ish-white crystalline material. While insoluble in water due 
to formation of the subchloride, it is very soluble in dilute acids 
and dissolves in absolute alcohol. The chloride is obtained by 
burning bismuth in an excess of chlorine or by treating me¬ 
tallic bismuth with hydrochloric acid. It is used for the prepa¬ 
ration of other bismuth compounds. 

Bismuth subcarbonate or basic bismuth carbonate, 
(Bi 202 C 03 ) 2 ,H 20 , is a yellowish-white powder, soluble in acids 
but not in water. No normal carbonate is obtainable. The 
basic carbonate is prepared by adding a solution of a bismuth 
salt to a solution of ammonium carbonate. Ordinary X-ray 
and U.S.P. grades are sold to contain not less than 90 per cent 
of Bi 203 . It is used in medicine, in making other bismuth 
compounds and in X-ray work as a dense material to show the 
form and position of gastrointestinal organs. 

Bismuth oxychloride or bismuth subchloride, BiOCl, is a 
white powder insoluble in water but soluble in mineral acids. 
It is precipitated by dilution of a slightly acid solution of bis¬ 
muth chloride with water and is used as a pigment, in face 
powder and in medicine. 

Bismuth oxyiodide or bismuth subiodide, BiOI, is a brick- 
red powder, insoluble in water but soluble in mineral acids. 
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It is prepared by methods analagous to those for the oxychlor¬ 
ide, for medicinal use. 

Bismuth nitrate, Bi(N 03 ) 3 ,SH 2 O, consists of colorless, deli¬ 
quescent crystals. It is decomposed by water to the subnitrate 
but is soluble in dilute mineral acids, alcohol or acetone. The 
nitrate is obtained by evaporating a nitric acid solution of bis¬ 
muth to dryness. It is used in the preparation of other bismuth 
salts, in luminescent pigments and in medicinals. 

Bismuth subnitrate, bismuth oxynitrate or basic bismuth 
nitrate, Bi 0 N 03 ,H 20 , is a white powder insoluble in water 
but soluble in acids. The formula is only approximate. The 
U.S.P. grade contains not less than 79 per cent of bismuth 
trioxide. The salt results from the dilution of a slightly acid 
solution of bismuth nitrate with water. It is used in cosmetics, 
ceramics, and in medicine, and is probably the most used bis^ 
muth compound. 

Bismuth citrate, BiCoHnOj, is a white powder insoluble in 
acids or water but soluble in ammonium citrate solution. It 
results from boiling bismuth subnitrate with a solution of citric 
acid. The usual grade is U.S.P. VIII, which yields 56-58 per 
cent of bismuth trioxide. The use is mainly medicinal. 

Bismuth ammonium citrate is a white powder of variable 
composition which is easily soluble in water. It is prepared 
by the reaction of bismuth subnitrate, citric acid and ammon¬ 
ium hydroxide, for use in medicine. 

Bismuth subbenzoate is a white, insoluble powder varying 
from Bi( 02 CCoHR) 3 .Bi(OH )3 to Bi( 02 CCoH 5)0 in composi¬ 
tion. It is prepared by the reaction of bismuth hydroxide and 
benzoic acid in water, and is used in medicine, largely as an 
antiseptic. 

Bismuth subsalicylate or basic bismuth salicylate is a white 
powder of approximately the composition Bi( 02 CC 6 H 40 H) 3 , 
Bi 203 . It is insoluble in water but decomposed by acids and 
alkalies and is prepared by the reaction of bismuth hydroxide 
with salicylic acid. A U.S.P. grade which yields 62-66 per cent 
of bismuth trioxide is sold for use in medicine. 

Bismuth subgallate or basic bismuth gallate is a bright yeb 
low powder approximating C 6 H 2 ( 0 H) 3 C 02 Bi( 0 H )2 in com- 



132 


CHEMICALS OF COMMERCE 


position. This is insoluble in water but decomposed by acids or 
alkalies. It is prepared by the interaction in aqueous solution 
of bismuth nitrate, glacial acetic acid, and gallic acid, and is 
used in medicinal products. The U.S.P. grade yields on igni¬ 
tion 52-57 per cent of bismuth trioxide. 

Bismuth sulfocarbolate, bismuth phenolsulfonate or bis¬ 
muth sulfophenylate, Bi(S 0 HC 6 H 40 H) 3 , is a reddish-white 
powder soluble in water or acids. It is obtained by the reac¬ 
tion of bismuth hydroxide and phenolsulfonic acid, for use in 
medicine. 

Bismuth ic/a-naphthol or bismuth /^r/a-naphtholate, BioO^ 
(OH),CioH 70 , is a brown to gray powder, almost insoluble 
in water or other solvents. It is prepared by treating a solu¬ 
tion of sodium /^c/a-naphtholate with an acetic acid solution of 
bismuth nitrate, and adding caustic soda solution to neutralize 
excess acid. It is used in medicine. 



CHAPTER XIV 


LEAD, SILVER, GOLD AND MERCURY 

Lead, Pb, is a dull gray, soft metal industrially important 
both as the element and in the form of its compounds. As is 
usual this means that its price is relatively low. The metal 
dissolves in nitric and acetic acids. It dissolves in hydrochloric 
acid and in some concentrations of sulfuric acid under suitable 
conditions. The principal ore is the sulfide. Reduction methods 
are complex. The ore may be roasted to the oxide or sulfate 
and then heated with more sulfide to give the metal and sulfur 
dioxide. The oxide may be formed and reduced with carbon. 
The sulfide may be reduced with metallic iron or the equivalent, 
iron oxide and carbon. Commercially, combinations of these 
steps are used. 

Numerous alloys are important such as Babbitt metal, sol¬ 
der and type metal, whose compositions are given under tin. 
Because of its resistance to acids and alkalies the metal is used 
to line chemical equipment. Hard lead is an alloy containing 
10-15 per cent of antimony. An alloy with tellurium known 
as tellurium lead is an important alternative. Many small ob¬ 
jects are cast of lead-tin compositions. Lead or lead alloy is 
used for items exposed to weather such as statuary, roofing, 
etc. The pure metal is limited in use by its softness, which is 
largely corrected by alloying. It is very heavy. Lead pipes 
for carrying water supplies have largely been superseded. Lead 
is a cumulative poison so that small amounts become dangerous 
if taken into the body over a long period of time. In powdered 
form lead catches fire readily. A paste of ground lead in oil 
is available. Lead wool is used as a packing material for pipe 
joints. Many lead compounds are used as pigments, which by 
definition means that they are available in very finely divided 
form. 

Lead monoxide or litharge, PbO, is insoluble in water but 
soluble in alkalies, in lead acetate solution and in acids. It is 
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yellow to orange and occurs naturally. Commercially it re¬ 
sults from the atmospheric oxidation of molten lead. When the 
molten lead cools, an outside layer of lead oxide is formed 
which crumbles and flakes oft* readily. Small amounts of the 
next higher oxide, red lead, are usually present. The com¬ 
mercial powdered product is used for making lead salts, in 
the manufacture of glass, pottery and enamel, and in rubber 
compounding. A mixture with glycerine sets to a hard ce¬ 
ment in a few hours, and is commonly referred to as litharge 
cement. It is prepared immediately before use. 

Red lead, minium or lead orthoplumbate, having the for¬ 
mula Pb 304 , is not a true oxide, but a salt of the base Pb(OH )2 
and the theoretical acid, H 4 pb 04 . Hence it is inert and has the 
structure PbPb 04 . It is bright red in color and iiisolul)lc in 
water and acids except acetic acid. Heating litharge in a cur¬ 
rent of air forms red lead. Some litharge is usually present in 
minium because of incomplete oxidation. Dry red lead is sold 
containing 95 per cent or less of Pb304, 97 per cent of Pb 304 
guaranteed, and 98 per cent of Pb 304 guaranteed. It is used 
as a pigment, largely as a protective coating on structural steel. 
Since it is used in oil, a grade ground in linseed oil is sold. 
Its importance for this purpose is decreasing due to develop¬ 
ment of new forms of protective coatings such as those con¬ 
taining barium chromate. Miscellaneous applications include 
its use in storage battery compositions, match heads, etc. 

Orange mineral has the same approximate composition as 
red lead but differs in color and in some properties. It is ob¬ 
tained by roasting white lead at a low red heat. Grades are 
American and French. It is used as a pigment, in protective 
coatings, oil cloth, etc. 

Lead dioxide or lead peroxide, Pb02, is brown, and insolu¬ 
ble in water and acids except acetic. It is produced by the 
nitric-acid oxidation of red lead. Lead dioxide is relatively 
expensive as compared to the other oxides and is used in 
storage batteries, as an oxidizing agent in synthetic organic 
chemistry, and for varied miscellaneous purposes. 

Lead carbonate, PbCOs, exists, but the commercially im¬ 
portant form is basic lead carbonate, Pb 3 ( 0 H) 2 (C 03 ) 2 , or 
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white lead. This very fine white pigment is insoluble in water 
but soluble in those acids which form soluble lead salts. It 
is one of the oldest pigments known, having been originally 
made from natural lead carbonate. The processes of manufac¬ 
ture depend on the action of moist carbon dioxide on finely 
divided lead, with acetic acid present as a catalyst. Thus it is 
fundamentally the reaction of carbonic acid on lead. It is also 
made by precipitation from solutions of lead salts with carbon 
dioxide. One form sold is as the dry product. Being produced 
as a wet material, drying can be obviated by mixing the wet 
white lead with linseed oil. The water is displaced by the 
oil and rises to the top over a paste of wdiite lead in oil. This 
I)aste product is sold as lead in oil. White lead is widely used 
as a paint pigment, particularly in outside paints. It has the 
desirable characteristic of long life when applied in a good oil 
vehicle, and when it fails it does so by chalking, thus tending 
to maintain a good appearance. Other uses as a pigment are 
minor. The objection to white lead is mainly to its poisonous 
nature, because the compound dissolves readily in many acids. 
Flake white is an especially good grade in flakes, used by 
artists. 

Lead sulfate, PbS 04 , is unimportant, but as with the car¬ 
bonate, basic lead sulfate, PbS 04 ,Pb 0 , is an important white 
pigment. From the color it must be a true basic compound 
rather than a mixture, since lead oxide is colored. It is ex¬ 
tremely fine and only slightly soluble in hot water or acids. 
One source is the controlled oxidation and sublimation of 
galena, which is mainly lead sulfide, at a high temperature. 
Zinc oxide is usually ])rcsent in the product and the formula 
is only an approximate one. Roughly the commercial com¬ 
position is 75 per cent of lead sulfate, 20 of lead oxide and 5 of 
zinc oxide. It is sold both dry and ground in oil for use in 
paints, in ceramics, and as a pigment in general. Lead sulfate 
is more resistant to sulfide fumes than white lead, which is 
stained fairly readily. It blends well with other pigments. 

Sublimed blue lead is another basic sulfate of lead produced 
by sublimation of galena. The color is probably that of uncon¬ 
verted lead sulfide, It is blue-gray in color, resistant to corro- 
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sion, and insoluble in water or acids. It is often used in prim¬ 
ing coats and for other pigment purposes. 

Lead titanate, PbTiOa, is an insoluble, pale yellow com¬ 
pound of lead oxide and titanium dioxide prepared by reaction 
of the oxides at an elevated temperature. Some lead sulfate 
and lead oxide are present as impurities. It is used as a paint 
pigment having an opacity about 60 per cent of that of titanium 
dioxide. While not usable in white paints, all tints except blue- 
gray can be obtained. 

Lead chloride, PbCl 2 , is white, slightly soluble in cold water 
but moderately soluble in hot. When crystallized from water 
it forms flaky crystals which, if shaken, give a characteristic 
“silver rain” effect. It occurs naturally and is also obtained 
by adding hydrochloric acid to a solution of a soluble lead salt. 
The commercial grade is sold as “pure.” It is used in the 
preparation of other lead salts and of pigments. 

Lead iodide, Pblo, is golden yellow. Its solubilities are simi¬ 
lar to those of the chloride, forming “golden rain” in cold 
water. It dissolves in potassium iodide or sodium acetate solu¬ 
tions. Lead iodide is prepared by the reaction of lead salts with 
potassium iodide and is used in bronzing, printing and 
photography. 

Lead nitrate, Pb(N 03 ) 2 , is a white salt, very soluble in cold 
water and extremely soluble in hot. It is also soluble in al¬ 
cohol. The nitrate is obtained by the action of dilute nitric 
acid on lead or lead oxide. It is used as a mordant in the tex¬ 
tile industry, for the preparation of other lead salts, and in 
the manufacture of inflammable or explosive compositions. 
It is one of the most common soluble lead salts. 

Lead chromate or chrome yellow, PbCr 04 , is a yellow pig¬ 
ment, insoluble in water but soluble in alkalies or mineral 
acids. It is formed by the reaction of lead acetate or lead 
chloride with a soluble bichromate. Dark, medium and light 
shades of the yellow compound are sold for use as a paint pig¬ 
ment, usually as C.P., meaning that extender has not been 
added. 

Basic lead chromate, chromate red or Persian red, PbCr04, 
PbO, is obtained by boiling lead chromate with alkaline solu- 
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tions. It is a bright red of good covering power, used as a 
pigment in paints and other mixtures. Chrome orange or 
orange lead chromate is similar but the conversion to the basic 
chromate is less complete; essentially therefore it is an intimate 
mixture of lead chromate and basic lead chromate. 

Molybdate orange is an inorganic pigment also sold as 
Ming orange, approximating the composition PbMo 04 ,PbO, 
H 2 O, being similar to chrome orange except that chromium 
is replaced by molybdenum. It is more expensive than chrome 
orange but possesses greater color strength, so that only about 
a third as much is needed. It is used as a pigment in various 
products such as paint. 

Chrome green is a mixture of chrome yellow and Prussian 
blue. The optical effect of mixing these colors to give green 
permits dark or bluish shades, medium, and light or yellowish 
shades. The chemical properties are those of the two pigments. 
The product is sold as C.P., meaning free from extender, at 
varying prices which increase with an increasing blue content 
up to 50 per cent. Reduced chrome green is the extended C.P. 
pigment with prices varying with a variation in color content 
at 5 per cent intervals. The use as a pigment is only limited 
by conditions under which one or the other color present in the 
mixture will fade, usually the blue, resulting in alteration of 
shade in use. Chrome green should not be confused with 
chromium oxide which is also green and is used as a pigment. 
Tungstated brilliant green and tungstated emerald green are 
shades of chrome green on which tungstic acid has been pre¬ 
cipitated to make them more stable and fast to light. They 
are expensive. 

Lead arsenate, Pb 3 (As 04 )‘j. is a white powder, very slightly 
soluble in water. It is formed by the reaction of lead chloride 
with sodium arsenate, for use as an agricultural insecticide. Its 
relative insolubility in rain water and the poisonous nature of 
both the lead and arsenate radicals make it particularly eflfective 
and prolong the period of protection of plant life on which 
it is sprayed. 

Tetraethyl lead or lead tetraethyl, Pb(C 2 Hr>) 4 . while not an 
article of commerce as such because of patent restrictions, is 
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an important synthetic product of the organic chemical indus¬ 
try. It is a high-boiling liquid miscible with alcohol, ether, 
gasoline, etc., but not with water. It is shipped in concentrated 
solution in solvents and added to gasoline as an anti-knock 
agent, permitting operation of motors at a higher compression. 

Lead acetate or sugar of lead, Pb(02CCH3)2,3H20, is a 
white to brown salt, very soluble in water and slightly soluble 
in alcohol. It is a common soluble salt of lead and is made by 
the reaction of acetic acid with litharge, lead monoxide. Car¬ 
bonate is apt to be present as an impurity, since carbon dioxide 
is absorbed from the air. The relatively unimportant off-color 
grades are usually from low-grade acetic acid. Broken brown, 
and broken, crystalline, granular and powdered white grades 
are sold. The U.S.P. grade contains 85 . 31 - 89.57 per cent of 
the anhydrous salt. It is used in medicine, as a mordant, for 
the weighting of silk, and in manufacture of other organic 
lead salts. Basic lead acetate exists of varied compositions such 
as 3Pb(0H)4(02CCH3)2. It is less soluble in water than the 
normal acetate and is used for many of the same purposes. 

Lead stearate, Pb[02C(CH2)i6CH3]2, is an insoluble lead 
soap obtained as a white to yellow paste when lead acetate 
solution is heated with a solution of sodium stearate. It is 
soluble in many organic solvents and is used as a drier in pro¬ 
tective coatings and printing inks. 

Lead oleate, PbL02C(CH2)7CH :CH(CH2)7CH3]2, is a 
white lead soap prepared by the reaction of a solution of lead 
nitrate or acetate and sodium oleate. It is similar in proper¬ 
ties and uses to the stearate and is also a rubber accelerator. 

Lead linoleate, Fb\02C(CH2)7CU iCHCU.CH 
CH3]2, is another lead soap formed when a solution of lead 
nitrate or acetate is heated with a solution of sodium linoleate. 
The product is light in color and has solubilities and uses simi¬ 
lar to those of the stearate. It is one of the most important 
lead driers. 

Lead resinate, Pb(02CCi9H29)2» is another lead soap pre¬ 
pared by heating a solution of lead nitrate or acetate with 
sodium abietate solution. Solubilities are similar to those of 
other lead soaps. Precipitated and fused grades are sold for 
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use as driers in protective coatings and as a waterproofing 
agent. 

Silver, Ag, is a white, shining metal, soluble in nitric acid 
and in strong hot sulfuric acid. It is relatively inactive and 
therefore some is found free. Much is recovered from ores 
with other mineral values. Some comes from copper ores. 
Nearly all lead ores contain silver, which is recovered by a 
process of “solvent extraction” with molten zinc. From silver 
ores, such as argentite, Ag 2 S, pyrargyrite, AgsSbSs, and cerar- 
gyrite, AgCl, varied processes may be used, but commonly 
extraction is with sodium cyanide solution. Reduction of com¬ 
pounds to the metal offers no great difficulty. Gold, when 
present, is usually recovered by electrolysis. 

Silver has important uses in the arts as well as for coinage. 
It is used in leaf form for decorative purposes, sold in 3% x 3%- 
inch books. Alloyed with 10 per cent of copper to harden it, 
it is sterling silver. Other alloys are also used in jewelry and 
tableware. Large amounts are used for silver plating of base 
metals. The properties desired are largely resistance to 
corrosion and decorative effects. Treated with sulfides it forms 
oxidized silver. The metal is often used directly for prepara¬ 
tion of its salts, which are in general white and water soluble. 
It is essentially an expensive metal because of limited supply 
and international manipulations inherent in its use for coinage. 
Many of its important compounds, such as the chloride, bro¬ 
mide and iodide, which are used in photography, are produced 
in the process rather than purchased as such. Silver com¬ 
pounds are poisonous, and are covered by the Caustic Poison 
Act, given in Appendix A. 

Silver nitrate or lunar caustic, AgNOa, is a transparent 
crystalline salt extremely soluble in water, very soluble in 
alcohol and soluble in glycerine or ether. It is the most impor¬ 
tant compound of silver, and is obtained by treating free silver 
with dilute nitric acid. Silver nitrate decomposes in the pres¬ 
ence of organic matter, particularly when exposed to light, 
forming the black oxide. The U.S.P. grade contains not less 
than 99.8 per cent of the pure nitrate. Silver nitrate is widely 
used where a silver salt is needed, as in photography, silver 
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plating, in indelible ink, hair dye, for silvering mirrors, and in 
medicine. 

Silver nucleinate or nargol is a dark brown to black silver 
proteinate, often hygroscopic, readily soluble in water. It is 
obtained by treating a salt of nucleic acid with a silver salt. 
The variable composition usually contains 20-25 per cent of 
silver. A U.S.P. product known as mild protein silver contains 
19-25 per cent of silver. It is used in medicine as an antiseptic. 

Amino silver proteinate, silver protein or novargan is an¬ 
other dark brown silver-protein complex. It is ol^tained by 
the reaction of amino acids or their salts with silver salts. 
This form contains about 7-9 per cent of silver and is used in 
medicine. A U.S.P. product known as strong protein silver 
contains 7.5-8.5 per cent of silver. 

Gold, All, because of its inactive chemical nature, occurs 
free in veins of quartz or mixed with alluvial sand. It is solu¬ 
ble in aqua regia to form the chloride. Small quantities are 
found in ores containing copper, lead, silver, etc. It also 
occurs as the mineral sylvanite, (AuAg)Te 2 , in Colorado. Cold 
is separated from other metals by varied methods such as elec¬ 
trodeposition, and from gangue by amalgamation with mer¬ 
cury, or solution in sodium cyanide to form sodium aurocy- 
anide. Recovery from mercury by distillation or from cyanide 
solutions by precipitation offers little difficulty. Gold forms 
no salts of great industrial importance. As a metal it is used 
in the form of gold leaf, for coinage, for dentistry, for gold 
plate and in other decorative ways. The leaf is quoted in 
books of various sizes. Pure gold is known as 24 carat, a 
designation of 14 carat means that the remaining 10 carats 
are of an alloying element. This is one use of the term carat, 
which is also a unit of weight equal to 200 mg. Copper is 
used in yellow gold alloys. White gold is a zinc alloy. An 
alloy is, strictly speaking, not called gold unless it is over 12 
carat, therefore contains more than 50 per cent of gold. Filled 
gold means gold plated over another metal. 

The production and use of gold are primarily matters of 
international exchange, as regulated by law based on custom. 
The price would in any ca.se be high because of the relatively 
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high cost of production and the comparative rarity of the 
clement. 

Auric chloride or gold chloride, AuCl3,HCl,3H20, is a yel¬ 
low to reddish salt, very deliquescent, light-sensitive, and very 
soluble in water. It is easily soluble in alcohol. Gold chloride 
is prepared by solution of gold in aqua regia, a mixture of 3 parts 
of hydrochloric acid and one part of nitric acid, followed by 
repeated evaporations to dryness with hydrochloric acid. Aside 
from this yellow gold chloride containing about 48 per cent 
of gold, an acid, brown gold chloride is sold as irregular brown 
masses containing 50-51 per cent of gold. It differs only in 
having some of the water of hydration removed. The uses are 
minor and are those of a soluble gold salt, as in medicine, pho- 
tography, etc. 

Gold-soda chloride is a mixture of gold chloride and sodium 
chloride, with the properties of the two salts. It is prepared 
by admixture or by neutralization of a hydrochloric acid solu¬ 
tion of gold chloride of suitable concentration, with sodium 
hydroxide. Grades sold are U.S.P. IX and photographic. The 
former contains not less than 30 per cent gold, the latter not less 
than 20 per cent. Uses are in medicine and photography and 
for miscellaneous purposes as a dilute form of gold chloride. 

Mercury or quicksilver, Hg, is the only liquid metal, and 
is soluble in nitric acid or in hot concentrated sulfuric acid. 
It has the bright shining appearance characteristic of metals, 
^lercury is obtained by decomposing mercuric sulfide by heat. 
The sulfide occurs naturally as cinnabar, HgS. A domestic 
product is sold. The metal has a low vapor tension, high spe¬ 
cific gravity, and expands uniformly, which makes it a valuable 
material for use in barometers and thermometers. Mercury 
forms amalgams with the better known metals, except iron and 
platinum, and is used for the extraction of metals from ores, 
as well as in commercial amalgams. By definition an amalgam 
is an alloy with mercury. The metal is used to form mercury 
compounds, in mercury vapor lamps and as a catalyst. Its 
use as a heat-transfer vapor in boilers is limited by price and 
supply. Essentially it is expensive. Its compounds, if soluble 
in water, are poisonous and even the minimal vapor pressure of 



142 


CHEMICALS OF COMMERCE 


the metal can cause poisoning on long exposure. A U.S.P. 
grade of mercury contains not less than 99.5 per cent of the 
metal. It is used in medicine in varied forms, both as a metal 
and as compounds. It forms two series of compounds, mono¬ 
valent and bivalent and both are important. Some of the mer¬ 
curic compounds hydrolyze readily in water to basic salts 
unless excess acid is present. 

Mercury and chalk or gray powder consists of a mixture of 
38 per cent of mercury, 10 per cent of honey and 57 per cent 
of prepared chalk and is a U.S.P. product. It is insoluble in 
water, except for the honey, and is used in medicine. 

Mercury mass or blue mass is a U.S.P. preparation of the 
composition 33 per cent mercury, 1 per cent mercury oleate, 
10 per cent glycyrrhiza, 15 per cent althea, 9 per cent glycerine 
and 32 per cent honey. It is used medicinally. 

Mercurial ointment contains a mixture of mercury, with 
wax, vaseline, etc. U.S.P. strong mercurial ointment contains 
49-51 per cent of mercury, 2 per cent of oleate of mercury, 30 per 
cent of wool fat, 5 per cent of white wax, and 13 per cent of white 
petrolatum. It is used in medicine for external application. 
U.S.P. mild mercurial ointment or blue ointment contains 60 
per cent of strong mercurial ointment corresponding to 29-31 
per cent of mercury, 20 per cent of white wax and 38 per cent 
of white petrolatum. 

Mercury oxide occurs in three forms, one mercurous and 
two mercuric compounds. Mercurous oxide or mercury black 
oxide, HgjO, is the water-insoluble compound formed by the 
action of caustic potash on calomel. It is unstable, forming 
mercury and mercuric oxide on exposure to light. When am¬ 
monium hydroxide reacts with mercuric nitrate, a mercurous 
oxide compound containing an NHo group is formed, approxi¬ 
mately Hg 20 ,NH 2 Hg 2 N 03 . This is sometimes called black 
mercury oxide or ammoniated mercury nitrate. Both are used 
in medicine. 

Red mercuric oxide or red precipitate, HgO, is insoluble in 
water but soluble in acids. It is formed by decomposing mer¬ 
curous nitrate by heat. N.F. and technical grades are sold 
for use as an oxidizing agent, as a pigment in anti-fouling 
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paints, in medicine and for preparing other mercury com¬ 
pounds. 

Mercuric oxide or yellow mercury oxide, HgO, is insoluble 
in water. It is precipitated on adding caustic soda or caustic 
potash to solutions of mercuric salts. The difference between 
the yellow oxide and red oxide is due to a difference in the 
state of subdivision. The yellow form is the more reactive. 
U.S.P. and technical domestic grades are sold. The U.S.P. 
grade contains not less than 99.5 per cent of mercuric oxide 
on a dry basis. It is used for much the same purposes as the 
red oxide but is preferred in medicine because of finer sub¬ 
division. 

Mercuric sulfide, red mercury sulfide or vermilion, HgS, is 
very insoluble in water or acids. It is a bright scarlet powder 
obtained by heating mercury and sulfur together and collect¬ 
ing the sublimed mercuric sulfide. That sold is of English 
origin. The red pigment is used in medicine, but more espe¬ 
cially for coloring expensive types of paint, rubber, sealing- 
wax, plastics, etc. 

Mercuric diammonium chloride or white precipitate, 

HgNH 2 Cl,H 20 , is soluble in water and to some extent in alco¬ 
hol. It is prepared by precipitating mercuric chloride with an 
excess of ammonium hydroxide and is sold as a white powder 
or in lumps for use in medicine. 

Mercury chloride occurs as two compounds. The term usu¬ 
ally refers to calomel. Mercurous chloride or calomel is a very 
insoluble white substance. It occurs in nature and is also 
manufactured by subliming mercurous sulfate with common 
salt. The mercurous chloride condenses in the cool part of 
the chamber. The U.S.P. grade contains not less than 99.6 
per cent of mercurous chloride on a dry basis. It is used in 
medicine, largely as a cathartic. Mercuric chloride, mercury 
bichloride or corrosive sublimate, HgCU, is moderately soluble 
in cold water, very soluble in hot, and very soluble in alcohol 
or ether. It is a white powder manufactured by subliming a 
mixture of mercuric sulfate with common salt. The U.S.P. 
grade contains not less than 99.5 per cent of mercuric chloride 
on a dry basis. It is sold in crystalline and granular forms and 
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used in medicine, in the manufacture of other mercury com¬ 
pounds, in tanning, textile printing, lithography, photography, 
as a preservative of organic matter, and in metallurgy. 

Mercury iodide is sold in two forms. Mercuric iodide or 
red mercuric iodide, Hgl 2 , is insoluble in water and slightly 
soluble in alcohol or ether. It dissolves in solutions of soluble 
iodides, and is obtained by the direct reaction of mercury and 
iodine, or by the reaction in solution of potassium iodide and 
mercuric chloride. The common red form undergoes a reversi¬ 
ble change on heating, to a yellow form. It is used in medi¬ 
cine. Mercurous iodide or yellow mercurous iodide, Hgol^, is 
a yellow powder which darkens on exposure to light. It is 
practically insoluble in all solvents except solutions containing 
an excess of soluble iodides, which convert mercurous iodide 
to the mercuric form. The mercurous salt is obtained by the 
reaction of potassium iodide with mercurous nitrate, and is 
used in medicine. The U.S.P. grade contains not less than 
99 per cent of mercurous iodide on a dry basis. 

Mercuric sulfate or mercury bisulfate, HgS 04 , is a white 
powder which is decomposed by water to a yellow basic mer¬ 
curic sulfate, HgS 04 , 2 Hg 0 . It is soluble in mineral acids or 
sodium chloride solution. The sulfate is prepared by the action 
of hot concentrated sulfuric acid on mercury. It is used in 
medicine, in the manufacture of corrosive sublimate, as a cata¬ 
lyst, and in the extraction of gold and silver from roasted ores. 

Mercuric nitrate, Hg(N 03 ) 2 , is a white, deliquescent pow¬ 
der, easily soluble in dilute nitric acid but hydrolyzed by water 
to a basic salt. It is prepared by the solution of mercury in 
excess nitric acid, and is usually sold as a solution of rather 
indefinite composition containing excess acid. Its use is largely 
in the preparation of furs for felting into hats, the operation 
being known as carroting. 

Mercuric nitrate ointment or citrine ointment contains mer¬ 
curic nitrate and lard. It is made by adding 7 parts of nitric 
acid to 76 parts of warmed lard. This is then mixed with 
7 parts of mercury dissolved in 10 parts of concentrated nitric 
acid. The ointment is used for external application both in 
the original concentration and diluted. 
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MISCELLANEOUS METALS AND COMPOUNDS 

These metals and compounds are grouped together here 
solely as a matter of convenience, and because of their lesser 
commercial importance—not necessarily because of any chemi¬ 
cal relationship. This leads to an unavoidable contrast of 
metals, pigments, etc., of diverse origin and usage. 

Platinum, Pt, is a silvery white metal with a gray tinge, 
which does not oxidize on heating. It melts at 1753° C., which 
renders it useful for heating to high temperatures, as in labora¬ 
tory ware. Platinum is insoluble in all single acids but soluble 
in aqua regia, a mixture of 3 parts of hydrochloric acid and 1 part 
of nitric acid. It occurs free and also as sperrylite, PtAso. The 
high price prevents extensive use. From the solution in 
aqua regia, chloroplatinic acid, H 2 PtClc,Hi> 0 , is prepared, and 
from this in turn, the potassium salt, which is substantially in¬ 
soluble. The oxide or the metal, distributed on suitable carriers 
such as asbestos or pumice, is a catalyst for many reactions, but 
has largely been replaced by less expensive materials. Other 
uses are mechanical, such as contact points for spark coils, etc., 
but there, too, platinum is being replaced because of its high 
price. 

Tungsten, \V, is a metal soluble in nitric acid, or in hot 
alkali hydroxide solution. It occurs in ores as the oxide, or 
as the tungstate of copper, lead or calcium. The principal min¬ 
eral, wolframite, is essentially a manganese and iron tungstate, 
but scheelite, CaWO^, is also important. Ores can be sepa¬ 
rated from a large proportion of impurities by gravity, owing 
to their high density, and from stannic oxide by magnetic 
methods. To separate tungsten, the crude concentrate is 
heated with excess soda ash to produce sodium tungstate, 
which is extracted with water. Tungstic acid is precipitated 
on acidifying, and this is changed to the oxide by heating. The 
acid and oxide can also be obtained by various other treatments. 

14S 
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Tungsten is prepared from the oxide by reduction with car¬ 
bon if the metal is to be used in alloys, or reduction with hydro¬ 
gen if the pure metal is needed in the form of a fine powder, 
as when it is to be used in electric light filaments. The powder 
is then compressed into rods which are sintered together by 
passage of an.electric current. After further working this is 
drawn into wire. In commerce only the gray to black powder 
is normally quoted, of either 98 or 99 per cent purity. The 
metal is also an important alloying element in tungsten steels 
and is used as X-ray targets, for electrical contacts, etc. 

Tungstic oxide, WO3, can be obtained from wolframite as 
described in the preparation of the metal, or from scheelite by 
decomposing the finely ground ore with hydrochloric acid. 
The tungstic acid formed by the latter procedure is dissolved 
out of the sludge with ammonia. The complex ammonium 
compound can be converted to tungstic oxide by igniting. The 
oxide is used to form the metal by reduction, and for the prepa¬ 
ration of tungstates. Being essentially acid rather than basic 
in nature, it is a true acid anhydride and is sometimes called 
tungstic acid. 

Molybdenum, Mo, is a silvery white metal soluble in strong 
acids. It is obtained from a naturally occurring molybdenum 
sulfide ore, molybdenite, M 0 S 2 , which is concentrated by grav¬ 
ity methpds and roasted to the oxide. By extraction with 
ammonium hydroxide, ammonium molybdate is formed and 
separated. This gives a purified trioxide on ignition. The 
oxide is then reduced with carbon or hydrogen. The former 
leaves carbon in the metal. Reduction of the oxide with alumi¬ 
num has also been practiced. 

While the silvery metal can be separated, commercially it 
appears as a gray to black powder of 98 per cent purity. Its 
chief use is in molybdenum steel which in some applications 
replaces nickel, vanadium or tungsten steels. There are appli¬ 
cations in the electrical industry but they are of minor 
importance. 

Titanium dioxide, Ti02, is a white pigment soluble in con¬ 
centrated sulfuric acid or in alkali hydroxide solution. The 
latter solubility illustrates its acid-forming nature; it is also 
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known as titanic acid anhydride. The impure dioxide occurs 
naturally as rutile and anatase, and combined in the form of 
ilmenite, FeTiOa. The commercial supply is practically all 
obtained as ilmenite from Travancore, India. Titanates of 
other metals are also known. Titanium ranks tenth in abun¬ 
dance in the earth’s crust. The natural dioxide is darkened 
by the presence of iron. It is converted to alkaline titanates 
and then titanic acid is precipitated with acid. This is ignited 
to the oxide, which is extremely finely divided. While its 
covering power as a pigment is high, the price is also high, 
so that aside from the sale of the pure pigment, it is also sold 
“let-down” with calcium sulfate, barium sulfate or magnesium 
carbonate. Titanium dioxide is also used as a source for the 
manufacture of other titanium salts, as a catalyst, and in spe¬ 
cial types of ceramics. Lead titanate is also an inorganic 
pigment. 

Titanium potassium oxalate: See potassium titanium 
oxalate. 

Vanadium oxide or vanadium pentoxide: See vanadic acid. 

Zirconium oxide, Zr02, when pure is a white powder solu- 
ble in hot concentrated sulfuric acid and in hydrofluoric acid. 
It occurs in nature as baddelayite. This reacts on fusion with 
alkaline carbonates to form soluble zirconates and is therefore 
an acid oxide although not usually so designated. These zir- 
conate solutions precipitate the hydroxide on acidification and 
this may be ignited to the oxide. The tetrafluoride obtained 
by reaction of the mineral with hydrofluoric acid also gives the 
dioxide on reaction with boric o.xide. Both the crude ground 
product sold as 53 per cent and 73-75 per cent, and a white 
98 per cent oxide are sold. Because of its refractory nature and 
high melting point the crude oxide is used in furnace linings, 
muffles and other refractory equipment and utensils. The puri¬ 
fied grade is used in acid-proof enamel and in porcelain and 
opaque glass. 

Zirconium nitrate, Zr('N 03 ) 4 , 5 H 20 , is obtained as a white 
crystalline product soluble in cold water and decomposed by 
hot. It is formed by the reaction of nitric acid and zirconium 
hydroxide, and is used as a preservative. 
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Uranium oxide or yellow uranium oxide, UaOs, is insoluble 
in water but soluble in strong acids. It occurs in crude form 
as pitchblende and is present in other uranium ores. Sub¬ 
stances which may be present in such an ore are silica, thoria, 
rare earths, calcium, iron, lead, magnesium and other metallic 
compounds, as well as radium and helium from the radio¬ 
active disintegration of uranium. The ore is broken up and 
treated with a mixture of sulfuric and nitric acids. Uranium 
goes into solution and the insoluble sulfates of radium, lead, 
barium, calcium, etc., precipitate. Treatment of the filtrate 
with excess of sodium carbonate precipitates iron, aluminum 
and similar hydroxides, while uranium forms a double car¬ 
bonate which remains in solution. The filtrate is next made 
alkaline with sodium hydroxide to precipitate the insolulile 
sodium diuranate, Na 2 U 207 , 6 H 20 . On treating this with di¬ 
lute acid the oxide is obtained. While it is an acid oxide, the 
salts are unimportant. Uranium oxide is used in making 
fluorescent glass, for coloring glazes for porcelain, in catalysts, 
and in the preparation of uranium salts. 

Cerous hydroxide or cerium hydrate approximates the for¬ 
mula Ce20a,6H20. It is insoluble in water but soluble in acids. 
The color varies with the purity, the pure hydroxide being 
white but being rendered yellow to brown or pink by the 
presence of other rare earths. The chief source is monazite 
sand, which contains a mixture of phosphates of the rare 
earths, the more important being cerium, lanthanum and 
thorium. Both the pure and crude cerium hydrates have a 
market but commonly the grade sold contains all of the rare 
earths from monazite sand except thorium. A major im])urity 
is therefore lanthanum hydrate. Cerium hydrate is precipi¬ 
tated as a by-product in the thorium industry, from soluble 
salts of cerium. In a relatively pure form cerium hydrate is 
used to produce cerium salts and to impart a yellow color to 
glass. The crude material is used in the flaming arc lamp. 

Cerium oxalate or cerous oxalate, Ce2(02CCH.j)3,9H20, is 
a white to pink salt insoluble in water or dilute acids but solu¬ 
ble in strong acids. It is obtained as a by-product in the pro¬ 
duction of thorium from monazite sand by precii)itation from 
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solutions of soluble cerium and lanthanum salts. Pure cerium 
oxalate can be obtained, but the U.S.P. IX grade quoted con¬ 
tains lanthanum, didymium, etc. Somewhat over 50 per cent 
of the material is cerium oxalate. It is used in medicine and 
as a relatively inexpensive source of mixed rare earths. 

Thorium nitrate is a white, crystallized or solidified com¬ 
pound extremely soluble in water or alcohol. The formula of 
the commercial product is approximately Th(N0.3)4,9H20. It 
is obtained by a lengthy purification process from monazite 
sand, cerium salts being separated as by-products. Freedom 
from other rare earths is essential and the price is relatively 
high. Thorium sulfate up to several per cent is commonly 
])rescnt. Thorium nitrate is used with a small amount of 
cerium nitrate in the manufacture of gas mantles, and as a 
source of pure thorium oxide. 

Thallium sulfate, Th^SO^, is a white, crystalline compound 
resulting from the reaction of sulfuric acid on thallium oxide. 
It is moderately soluble in cold water, very soluble in hot. 
Thallium is more closely related to lead than to any other com¬ 
mon element. Thallium sulfate is sold as a 99 per cent grade. 
Uses are largely in rat poisons and insecticides. 



CHAPTER XVI 


CARBON AND MISCELLANEOUS NONMETALS 
WITH THEIR OXIDES AND RELATED 
COMPOUNDS 

As a matter of organization all compounds have been clas¬ 
sified by their positive elements. This leaves the nonmetals 
and their oxides for separate consideration in this chapter. 
Similarly compounds composed of two nonmetallic elements 
fall into this classification. 

Carbon, C, exists in a great variety of forms. All forms are 
insoluble in the ordinary reagents. Diamonds are pure car¬ 
bon. In the clear, transparent form they are too expensive 
for abrasive use but off-color diamonds are an important abra¬ 
sive for drilling and for cutting hard alloys. 

Carbon black is a rather pure form of carbon in a very finely 
divided condition. It is obtained by burning natural gas with 
insufficient oxygen for complete combustion, and depositing the 
carbon on a metal surface in contact with the flame. This is 
also called channel black or gas black from the method of 
preparation. A standard grade and many special grades are 
usually quoted. Carbon black is the major black pigment used 
in printers’ ink, rubber goods, varnish, paint, enamel, lacquer, 
and in numerous other products. The importance of carbon 
black in toughening and increasing the life of rubber goods 
can hardly be over-emphasized. 

Acetylene black is more graphitic than carbon black, is 
produced by similar methods from acetylene, and is used for 
similar purposes. It is also used as a filler for oxygen type 
explosives and in dry cells, but use is limited due to high price. 

Lampblack can best be compared with carbon black by 
describing the former as greasy, the latter as dry. It is obtained 
by burning by-products from the distillation of coal, petro¬ 
leum, vegetable oils, tars, etc., with insufficient air for com¬ 
plete combustion. The process is similar to that for carbon 
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black. Lampblack is a gray-black, rather than the deep black 
of carbon black. Grades are domestic and imported, of the 
same numbers as carbon black. Uses are similar to those of 
carbon black. It is much less expensive than carbon black 
for most grades. 

Charcoal black is a soft black carbon obtained by the incom¬ 
plete combustion of wood. It contains considerable inorganic 
ash. Grades are lump hardwood charcoal, soft-wood char¬ 
coal, powdered to pass 80-100 mesh, and powdered willow 
charcoal. It is used as a reactive grade for making calcium 
carbide, as a pigment in crayons and colors in oil, as an ad¬ 
sorbent in filtration, for adsorption of gases in gas masks, for 
decolorizing fats and oils, and for many similar purposes. 
Other grades of activated carbon or decolorizing carbon, made 
from special woods by careful control of temperature, are sold 
under trade names. The degree of activity of such activated 
carbons varies widely with different sources. 

Vine black, or Liege black is obtained by the incomplete 
combustion of grape vine twigs and wine lees. It is relatively 
inexpensive. Grades A and B are sold for use in artists* colors 
and for general purposes. 

Ivory black is a very intense black made by charring ivory 
cuttings and ivory dust. The genuine ivory black is expensive 
and used mainly as an artist’s color in oil. 

Graphite is a slippery, glistening, somewhat flaky form of 
carbon, and is both natural and manufactured. The natural 
mineral is mined and purified. The artificial material is pro¬ 
duced from coal or charcoal by electric-furnace methods. The 
natural grade is higher in ash than the artificial. Grades sold 
are flake, 90 per cent through 325 mesh to contain 50 per cent 
of graphitic carbon; powdered, 90 per cent through 325 mesh 
to contain 65 per cent of graphitic carbon; and the same to 
contain 80 per cent of graphitic carbon. It is used as the "’lead” 
in pencil manufacture, in arc-light carbons and electrodes, as 
a solid lubricant, in stove polish, in special paints, as a parting 
agent for foundry molds, and for varied miscellaneous pur¬ 
poses. It is sometimes known as plumbago. Unlike many 
carbons it is only combustible under extreme conditions. 
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Bone black or animal charcoal is a form of carbon high in 
ash, particularly in phosphates, and is obtained by calcining 
animal bones. Grades parallel those of carbon black. It is 
used as a pigment of lower covering power, and as a decoloriz- 
agent in sugar refining. After use as a decolorizing agent, 
the usual practice is to reactivate by careful ignition. 

Coal is an impure form of carbon resulting from decom¬ 
position of vegetable matter in past geological time, and hardly 
to be considered with the true carbons because of its high 
content of mineral matter and hydrocarbons. Its use as a 
source of carbon for heating and for the reduction of metal 
oxides and sulfides, in a sense classifies it as one of the com¬ 
mercial forms of carbon. Coke, produced by driving the vola¬ 
tile matter from coal, is also so used. For the reduction of the 
oxides of expensive metals, charcoal is occasionally preferred. 

Carbon dioxide, CO 2 , is a colorless, odorless gas, moderately 
soluble in water and alcohol. It is produced by combustion 
of carbon with an excess of oxygen, and also liberated by the 
action of acid on limestone. Commercially it is recovered 
from the gases from alcoholic fermentation, produced by con¬ 
trolled combustion of coke, or recovered from flue gases. The 
major item of its cost is in purification. The U.S.P. grade is 99 
per cent pure. The gas is compressed as a litiuid in cylinders 
containing 20-25 pounds, usually the latter, for use in the manu¬ 
facture of carbonated beverages, or is converted into solid 
carbon dioxide, which is used as a refrigerant under the name 
of dry ice. Incomplete combustion of carbon produces another 
oxide, carbon monoxide, CO, which is highly poisonous and a 
strong reducing agent. It is not an article of commerce but is 
produced in many reactions as an active agent, and is present 
as a major ingredient in coal gas, water gas or producer gas. 
Carbon monoxide is produced as water-gas on a large scale for 
immediate re-use in synthetic methanol manufacture. 

Carbon bisulfide or carbon disulfide, CS 2 , is a colorless to 
light yellow, highly refractive liquid. It is slightly soluble 
in water and mixes with many organic solvents in all pro¬ 
portions. Production is by direct union of sulfur vapors with 
glowing carbon in the electric furnace, followed by condensa- 
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tion. The presence of other sulfur compounds as impurities 
gives the commercial product a characteristic disagreeable 
odor. Carbon bisulfide is an important solvent, as it dissolves 
sulfur, rubber, iodine and phosphorus. It is also used as a 
fumigant and disinfectant, and in the manufacture of carbon 
tetrachloride. 

Chlorine, CI 2 , is a greenish yellow gas at ordinary tempera¬ 
tures, or a liquid under pressure. It is only slightly soluble 
in water to give chlorine water but dissolves in alkaline solu¬ 
tions by reaction, to form alkali hypochlorites. It is produced 
by the electrolysis of concentrated aqueous solutions of sodium 
chloride, sodium hydroxide being obtained as a commercial 
product at the same time. The chlorine is liberated at the 
anode, drawn off, dried with sulfuric acid, and refrigerated or 
compressed to change the gas to a liquid for storage in steel 
cylinders. Because of the upsetting influence on the market 
of the simultaneous production of chlorine and caustic soda, 
a ])rocess for its displacement from sodium chloride by oxides 
of nitrogen, giving sodium nitrate as the other product, has 
been introduced. The use of chlorine is so widespread that 
tank-cars have been developed for its transportation. These 
are in effect large ])ressure cylinders, the size of a railroad 
tank-car. The liquid is usually converted to gas by release 
through suitable regulators. It is used in water purification, 
in organic synthesis, to liberate bromine, and for treatment 
of ores for metal recovery. Either as the gas or more com¬ 
monly in solution with sodium hydroxide or soda ash, it is 
used as a bleach for paper, wood pulp, cotton fabrics, shellac, 
and many other products. 

Bromine, Bro, is a dark red fuming liquid at ordinary tem¬ 
peratures. It is moderately soluble in water, giving bromine 
water, and readily soluble in alkaline solutions, forming hypo- 
bromites. It is obtained from the mother liquors of the table- 
salt industry, particularly those of Michigan, since sodium and 
magnesium bromides are more soluble than the chlorides. In 
one process the bromine is liberated by a stream of chlorine 
vapor, after which the bromine vapor can be condensed. An¬ 
other method is to electrolyze the liquor containing bromides. 
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Requirements for the tetraethyl-lead industry have become so 
great that direct recovery of bromides from sea water is im¬ 
portant. This is treated with the required amount of the 
more active halogen, chlorine, and the bromine displaced by 
aeration. It is then recovered by reaction with ethylene to give 
ethylene dibromide. Thus the bromine is not obtained as such 
in this process. Impurities which are apt to be present in 
bromine are chlorine, hydrobromic acid and bromoform. It 
is purified by shaking with potassium or calcium bromide and 
redistilling. Commercial and purified grades are sold for use 
in the manufacture of bromides, in organic synthesis, as an 
oxidizing agent, and for manufacture of other compounds of 
bromine. Since it is expensive, the uses are restricted to those 
where chlorine will not serve the purpose. 

Iodine, I 2 , is a dark brown, crystalline material at room 
temperature. It vaporizes directly by sublimation on heating, 
or slowly at room temperature, to give a violet vapor. Iodine 
is only very slightly soluble in water, but dissolves readily in 
aqueous solutions of alkali iodides, or in alcohol and other 
organic solvents. The alcoholic solution is known as tincture 
of iodine. The sources of iodine are more than adeciuate to 
meet the demand but the price is high, partially because of 
artificial restriction. A major source of iodine is sodium iodate 
which is present in the mother liquor obtained in the purifi¬ 
cation of Chile saltpeter. This liquor is allowed to react with 
the calculated amount of sodium bisulfite, when free iodine 
is precipitated. Iodine is purified by sublimation, which frees 
it from bromine, chlorine, and other impurities. Another 
source is from seaweed by boiling with sodium carbonate solu¬ 
tion, precipitating alginic acid with hydrochloric acid, neutral¬ 
izing the filtrate and evaporating to dryness. The recovery of 
iodine from the residue is from the resulting sodium iodate. 

Crude and resublimed iodine crystals are sold, as well as 
U.S.P. tincture and a mild tincture. The regular U.S.P. tinc¬ 
ture contains 6.5-7.5 grams of iodine and 4.5-5.5 grams of 
potassium iodide in 100 cc. of alcoholic solution. The mild 
U.S.P. tincture contains 1.8-2.2 grams of iodine and 2.1-2.5 
grams of sodium iodide per 100 cc. of alcoholic solution. The 
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U.S.P. compound solution contains 4.5-5.5 grams of iodine and 
9.5-10.5 grams of potassium iodide in 100 cc. of aqueous solu¬ 
tion. The tincture deteriorates somewhat with time, due to 
reaction. Proprietaries known as “organic iodine” are also 
marketed as solutions. These are supposed to have the anti¬ 
septic value of iodine without its objectionable irritant char¬ 
acteristics. Uses of iodine aside from medicinal are in organic 
synthesis and for the preparation of iodides. 

Sulfur, Sg, is a lemon-yellow element solid at room tempera¬ 
ture. It is insoluble in water but dissolves in carbon bisulfide, 
and in hot nitric acid by reaction. There are both rhombic 
and monoclinic crystalline forms melting at 112.8° C. and 
119.2° C. respectively. On further heating the liquid turns 
dark red and becomes very viscous. 

Sulfur occurs widely distributed in nature, both in the free 
and the combined state. Natural sulfur is always contaminated 
with clay, limestone, etc. A simple method of purification is 
to melt the sulfur and drain it from heavier impurities. Not 
all impurities are separated by this method. The recovery from 
natural deposits is largely by the Frasch process. Superheated 
water under pressure, and compressed air, are forced through 
pipes into the natural deposits to bring the molten sulfur to 
the surface. This is allowed to congeal in large open tanks 
and subsequently may be further processed. As recovered by 
this process the product is 98 per cent pure, and the major por¬ 
tion is not further purified. When distilled and allowed to 
condense as a solid, it is in finely divided form known as 
flowers of sulfur. When melted and cast in molds it gives roll 
sulfur. As a cast material it is also known as brimstone. 
Ground, it is known as sulfur flour. Some is recovered as a 
by-product from industry in precipitated form, and called pre¬ 
cipitated sulfur. This is usually rather impure. A pure pre¬ 
cipitated grade can also be prepared by chemical reaction of 
various compounds, for example sodium thiosulfate and acids. 
Various grades sold are crude, flowers, broken, refined, com¬ 
mercial flour, rubbermaker’s flour, extra fine flour, superfine 
flour, heavy flour, light flour, virgin rock and roll. U.S.P. 
grades are precipitated, sublimed, and that washed with am- 
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monia-water; all contain not less than 99.5 per cent of pure 
sulfur on a dry basis. 

Sulfur has largely replaced pyrites as the raw material 
for the production of sulfuric acid. It is used in large amounts 
as the vulcanizing agent in rubber, and is an essential ingredi¬ 
ent of gunpowder. Molten sulfur with fillers is used as a 
corrosion-resisting cement. Applications in paper manufac¬ 
ture, plastics, etc., are multitudinous. It is also used in 
medicine. 

Sulfur dioxide, SO 2 , is a colorless, pungent gas, very solu¬ 
ble in water, giving a solution of sulfurous acid, described 
under acids. It is obtained by roasting iron pyrites, FeSo, by 
purifying the gas obtained in ore-smelting furnaces, or, more 
commonly, by burning sulfur in air. The colorless gas can 
be changed to a liquid by subjecting it to a pressure of 3 at¬ 
mospheres or by cooling to low temperatures. Sulfur dioxide 
is sold graded as a commercial liquid and of a much more 
expensive quality for refrigeration, usually in 150-pound cylin¬ 
ders. It is used as a bleaching agent for many types of products 
including straw, silk, sponges, oils and flour, as a preservative 
for meat, in the paper industry, as a disinfectant and fumigant, 
as a refrigerant, and as the major use in liquid form for purifica¬ 
tion of petroleum. It is made and re-used immediately in the 
manufacture of sulfuric acid. 

Sulfur chloride or sulfur monochloride, S^CU, is an amber- 
colored to red fuming liquid which is decomposed by water 
but is soluble in the common organic solvents. It is produced 
as a by-product in the manufacture of carbon tetrachloride 
from carbon bisulfide and chlorine. Sulfur chloride is also 
obtained by passing chlorine over molten sulfur. It is used 
as a sulfur solvent in vulcanizing of rubber, for hardening 
woods, as an insecticide, in synthetic organic chemistry, and 
in the extraction of gold from its ores. 

Sulfuryl chloride or sulfur oxychloride, SOoClo. is a low- 
boiling, colorless liquid with a characteristic odor, produced by 
the direct union of sulfur dioxide and chlorine. It is decom¬ 
posed on contact with water but is soluble in glacial acetic 
acid. The major use is in organic synthesis. 
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Sulfur iodide or sulfur subiodide is obtained by fusing sul¬ 
fur with iodine in the absence of oxygen. It is not the com¬ 
pound, sulfur monoiodide, and may be only a mixture of the 
two elements. It is gray to black in color and has an odor of 
iodine. The material is practically insoluble in water but 
dissolves easily in carbon bisulfide. A solution of potassium 
iodide extracts the iodine but alcohol does not. It is used for 
medicinal purposes, largely external. 

Phosphorus, P 4 , is obtained in two forms. White phos¬ 
phorus is insoluble in water, moderately soluble in benzol, 
slightly soluble in alcohol or ether, soluble in alkalies, and 
very soluble in carbon bisulfide. It is the normal form com¬ 
monly prepared from the natural calcium phosphate of de¬ 
greased bones, or from phosphate rock. In manufacture, cal¬ 
cium phosphate is mixed with carbon and sand and fed into 
an electric furnace heated by an alternating current. At the 
very high temperature produced, the calcium silicate formed 
fuses to a liquid slag which can be withdrawn as such. The 
phosphorus oxide is reduced by the carbon to free phosphorus, 
which passes off as a vapor, mixed with carbon monoxide, into 
a condenser. The phosphorus is purified and cast into sticks in 
water-cooled forms. While the pure form of this type of 
j)hosphorus is white, the commercial form is yellow phos¬ 
phorus, which contains awery small amount of red phosphorus 
formed by the action of light. Yellow phosphorus is very 
poisonous and is used in rat poison and insecticides. It is also 
used in making other phosphorus compounds and phosphor- 
bronze. Practically speaking, phosphoric acid is made from 
it in one process, although the phosphorus is not isolated as 
such. Yellow phosphorus is highly inflammable and may ig¬ 
nite spontaneously. It is therefore stored under water. 

Red phosphorus is an allotropic form, theoretically unstable 
but practically very stable. It is insoluble in water and the 
solvents which dissolve yellow phosphorus. It is formed by 
heating white phosphorus to about 240° C. in the absence of 
oxygen. The product is freed from white phosphorus, after 
grinding under water, by treatment with caustic soda solution. 
Red phosphorus is stable to air and light, is much less reac- 



158 


CHEMICALS OF COMMERCE 


tive chemically than white phosphorus, and is nonpoisonous. 
It is used in making matches, in which the use of yellow phos¬ 
phorus is prevented by prohibitive taxation. Since it is more 
expensive than the yellow grade it is used only where the other 
will not serve. 

Phosphorus sesquisulfide, P4S3, is formed by heating phos¬ 
phorus and sulfur together at a relatively low temperature. It 
is a yellow crystalline inflammable material, insoluble in cold 
water, decomposed by hot, and soluble in carbon bisulfide. 
Use is in the manufacture of matches to replace phosphorus 
and in synthetic organic chemistry. Other sulfides of similar 
but not identical properties are phosphorus trisulfide P 4 Sfl, and 
phosphorus pentasulfide, P2S5, used in the manufacture of syn¬ 
thetic organic compounds. 

Phosphorus trichloride, PCI3, is a clear, colorless, fuming 
liquid decomposed by water but soluble in most organic sol¬ 
vents. It is obtained by passing a stream of chlorine gas over 
melted phosphorus, over heated red phosphorus, or through 
a carbon bisulfide solution of yellow phosphorus. The liquid 
trichloride is obtained by fractional distillation. Phosphorus 
pentachloride may be present as an impurity but this can be 
removed by distilling with excess phosphorus. Phosphorus 
trichloride is used as a chlorinating agent in the manufacture of 
synthetic organic chemicals. By further treatment with chlor¬ 
ine, phosphorus pentachloride, PClr„ is produced as a yellow 
fuming solid'. Uses are parallel to those of the trichloride 
where a more strongly reactive agent is required. 

Phosphorus oxychloride or phosphoryl chloride, POCI3, is 
a clear, colorless fuming liquid prepared by the reaction of 
phosphorus pentachloride or hydrogen chloride with phos¬ 
phorus pentoxide. The liquid decomposes in the presence of 
water and most solvents to form hydrochloric and phosphoric 
acids. It is used as a chlorinating agent in the synthetic organic 
chemical industry. 

Silica is chemically a name for silicon dioxide, Si02. All 
forms of silica are insoluble in acids except hydrofluoric acid; 
with this they react to form gaseous silicon tetrafluoride, SiF 4 . 
Silica is widely distributed, both free and combined as silicates. 
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All forms of silica are used to some extent as fillers in many 
products, varying in use according to the fineness of the grade. 
Quartz crystals are a fairly pure form of silica. Sand is a fine¬ 
grained form of silica. Glassmakers’ sand is a grade practically 
free from iron, white in color and used in making up glass 
batches. OfF-color grades of sand are used as building material 
and for sand blasting. The important property is that they 
be physically sharp particles rather than rounded, as is the 
case with sea sand. Ground sand or quartz sand is sold of 
many different particle sizes, such as 140 mesh, for use as a 
filler and as a finer abrasive than the natural sand. Amorphous 
silica is a term applied to a material produced by the natural 
leaching of silicates by water through many ages. It normally 
contains from 1 to 5 per cent of iron and alumina as con¬ 
taminants. This grade may be white to brown, depending on 
the iron content. For most uses the color is an important 
element in determining price, w'hite grades being preferred. 
Dry-ground material is sold as 95-97 per cent through 325 
mesh. Wet-ground grades are 95-97 per cent through 325 
mesh, 96-98 per cent through 325 mesh, 99 per cent through 
325 mesh and through 400 mesh. The uses are as an abrasive, 
as an extender in paint, and for a multitude of other applica¬ 
tions. When used in paint it is sometimes called silex or 
painters’ silex. 

Diatomaceous earth, infusorial earth, fossil flour or kiesel- 
guhr is a form of silica. The varied names are assigned differ¬ 
ent meanings in terms of quality, at times, but these are not 
standardized to a degree justifying quotation. Diatomaceous 
earth occurs as a soft, white to brown mineral resembling chalk 
in appearance, consisting of the siliceous skeletons of micro¬ 
scopic algae. Deposits are found in various parts of the world. 
When ground, and often calcined to remove organic matter 
and improve color, the material is very light, soft and adsorbent. 
Domestic and foreign grades are sold, usually under trade 
names, but vary in properties according to the shape of the 
diatoms of the deposit from which they are derived, l^ses are 
varied, such as ^or clarifying sugar solutions, fruit juices, and 
all types of chemical solutions, promoting the fluidity of con- 
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Crete, as a filler in plastics, tile, etc., and as an abrasive in silver 
polishes and dentifrices. Its softness and lack of scratching 
recommends it for the latter purposes when properly graded. 

Rottenstone is the residue of siliceous limestone from which 
the calcareous matter has been washed away by natural waters. 
It consists largely of silica, usually 80-85 per cent, and 5-15 
per cent of aluminum oxide, lime, iron and carbonates. The 
color is green to brown. Domestic and imported grades are 
sold, the latter in lump and powdered form. It is used as an 
abrasive, as in polishing and scouring materials, and as a filler 
in products like rubber. 

Tripoli consists of friable silica derived from the natural 
leaching of rock. It is usually white, yellow or pink in color. 
Grades sold are air-floated, double-ground and single-ground. 
Tripoli is used as an abrasive in polishes, buffing compositions 
and scouring powders. 

Pumice stone, pumice or pumicite is of volcanic origin 
and varies in composition according to the locality. It consists 
largely of silicates of aluminum and alkali metals. Calcium, 
magnesium, iron and titanium may also be present. The ma¬ 
terial reaches the surface of the earth in a molten condition, 
then hardens to a very light, glassy, porous rock. The color 
may be white, gray, yellow or brown. Superior grades of 
pumice will contain 65-75 per cent of silica, 12-15 per cent of 
alumina, and about 5 per cent each of sodium and potassium 
oxides. Its hardness on Moh’s scale is about 6. Grades sold 
are American-ground, 60, 70, 90, 100, 110, 130, 140, 165, 185 
and 200 mesh; and Italian. Another classification is by num¬ 
bers and letters. Italian-ground pumice is much less expensive 
than a comparable grade when American-ground. It is used 
as an abrasive, as in polishes and buffing agents, and as a base 
for catalysts. 

Water, H 2 O, while not purchased as a chemical is important 
industrially, particularly as a solvent. It is mentioned to 
stress its relation to the subject. Available from supplies in 
every city, town and hamlet, it is of highly variable composi¬ 
tion. Some supplies may contain only 40 parts per million of 
solids, others may exceed 500 parts. In some areas water is 
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very hard, in others it is soft, meaning the presence of, or free¬ 
dom from, calcium and magnesium carbonates and* sulfates. 
While it may be softened by precipitation of the hardness with 
soda ash and/or trisodium phosphate this merely substitutes 
one salt for another. The calcium or magnesium salts are 
replaced by alkali carbonates or bicarbonates. Softening by 
passing the water through zeolite, a natural or synthetic hy¬ 
drous aluminum silicate, accomplishes the same thing. 

For many chemical purposes distilled water is essential. 
The quantitative factor or volume used, must be considered. 
Generally the quantity of water is great as compared with 
other materials, so that a small amount of impurity may become 
an important factor. Another way of expressing 500 p.p.m. 
of hardness is as 0.05 per cent of dissolved material. 

One classification of water in terms of hardness is in grains 
per gallon rather than parts per million. The U.S.P. grain per 
gallon is 17.1 parts per million of calcium carbonate, or an 
equivalent amount of other calcium or magnesium salt. In 
general a soft water contains up to 5 grains of hardness, a 
moderately hard water 15-20 grains, and a very hard water 
30 grains or more. Seawater contains 200 grains of hardness 
per gallon. In the use of these two standards, hardness and 
total solids in parts per million, one must bear in mind that 
dissolved solids are not necessarily hardness. When softened 
the water may contain more dissolved salts than before soften¬ 
ing. Water is not only widely used as a solvent but is a reagent 
in many processes. In the electrolysis of sodium chloride solu¬ 
tion, water is a reagent, in effect reacting with the sodium 
liberated to produce caustic soda and hydrogen. Likewise in 
the water-gas industry, w^ater in the form of steam is an agent 
reacting with red-hot carbon to produce hydrogen and carbon 
monoxide. 

Hydrogen peroxide, H 2 O 2 , is an oily liquid w^hich enters 
commerce only in aqueous solution. It is prepared by the 
action of dilute sulfuric acid on barium peroxide, or by bubbling 
carbon dioxide through an ice-cold aqueous solution of barium 
peroxide. Another source is by distillation from acidified 
potassium or ammonium persulfate solution. Hydrogen 
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peroxide readily decomposes on warming, forming free oxygen 
and water. It is an active oxidizing agent provided decomposi¬ 
tion is prevented. In the bottled product, this is usually 
accomplished by addition of a stabilizer such as a salicylate. 
Industrially sodium silicate serves this purpose, if added at 
the time of use. Grading is usually by the volume of oxygen 
it will liberate per unit volume of solution. The U.S.P. grade 
offered is 10 volume and contains 2.5-3.5 grams of hydrogen 
peroxide per 100 cc. of solution. This is usually designated 
3 per cent. For industrial use 30 per cent or 100 volume is 
offered. The 100 volume grade is sometimes called perhydrol. 
Use of hydrogen peroxide has increased to a point where 
aluminum tank cars are used for shipment. Hydrogen peroxide 
is used as a bleaching agent on cotton textiles, in the refining 
of oils, for the preparation of gelatin and other food products, 
for bleaching straw, bones, etc., as an oxidizing agent in pho¬ 
tography and other processes, as an antiseptic agent as in 
mouthwashes, for the preservation of tanning extracts, in 
brewing, and as a catalytic agent in hydrolyzing starch. Use 
as an antiseptic in medicine is declining because of its destruc¬ 
tive action on live tissue. 

Hydrogen, Ho, is a colorless gas produced electrolytically 
incidental to the manufacture of chlorine and caustic soda, or 
by electrolysis of water to give hydrogen and oxygen. It is 
sold in cylinders under pressure. The major application is at 
the point of production in the manufacture of synthetic am¬ 
monia, synthetic methanol, or to react with chlorine to produce 
hydrochloric acid. 

Oxygen, O 2 , is a colorless gas recovered from liquid air, and 
sold in pressure cylinders as an aid in welding, for medical use 
and miscellaneous purposes. Oxygen from the air is often a 
necessary chemical entering into the reaction; in other cases 
its presence may be undesirable. Its reaction is sometimes 
prevented by displacing the air with an inert gas such as nitro¬ 
gen, hydrogen, or carbon dioxide. 

Nitrogen, N 2 , is also a colorless gas recovered from liquid 
air and sold to a limited extent in pressure cylinders. The 
major amount is consumed in synthetic ammonia manufacture. 
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For that purpose it is often obtained by burning the oxygen 
out of the air and absorbing the carbon dioxide. 

Helium, He, is a rare gas found as a trace in the atmosphere 
but commercially largely recovered from natural gas from oil 
wells in the southwestern United States. It is sold in 200- 
cubic-foot cylinders but is very expensive. Its use in rigid 
or semirigid dirigibles as a gas for inflation, is possible only 
because of large-scale production under government control, 
a supply not commercially available. It is also used for filling 
electric bulbs. Other rare gases available at high prices are 
argon, neon, krypton and xenon. Of these argon is used in 
electric bulbs to some extent, neon is used in the familiar red¬ 
dish neon lights, and the last two find lesser use in electric 
bulbs, particularly on continuous service. 



CHAPTER XVII 


HYDROCARBONS, OTHER THAN THOSE FROM 
PETROLEUM, AND THEIR SIMPLE 
HALOGEN DERIVATIVES 

Fundamentally most of our more complex compounds are 
produced from the hydrocarbons, simple compounds of carbon 
and hydrogen such as ethylene, benzene, naphthalene, etc. 
Complex types of compounds from natural sources are often 
alcohols or esters, exceptions that do not alter the rule. There¬ 
fore the hydrocarbons are introduced as the first class of 
organic materials. Those from petroleum form a separate 
chapter. The halogen derivatives which are easily derived 
from the hydrocarbons are so closely related that they are 
included in this chapter. However, those halogen derivatives 
which are closely related to and derived from more complex 
types of compounds, are classified with those compounds. 

Some preliminary explanation of organic nomenclature is 
desirable. Organic chemistry is divided into aliphatic com¬ 
pounds or straight-chain compounds and aromatic compounds 
or cyclic compounds. The straight-chain hydrocarbons are 
often called paraffins regardless of molecular size, and the 
cyclic type coal-tar derivatives regardless of whether that was 
their source. 

The position of substituted groups in an organic compound 
is usually shown by the use of numbers or Greek letters. The 
latter may be printed as such in italics, or may be spelled out. 
In an open-chain formula the carbon atoms are num¬ 
bered, starting with the last carbon atom as one. Thus, 
CH3CH2CH2CH2OH is 1-butanol and CH8CH2CH(OH)CH3 
is 2-butanol, the number showing the position of the substi¬ 
tuted group, in this case the hydroxyl radical. Halogen and 
other radicals would be indicated in the same way, as 2-bromo- 
butane, CH 3 CH 2 CHBrCH 3 . Straight-chain acids show the 
position of a substituted group by calling the carbon atom 
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adjacent to the carboxyl or COOH group the alpha-czYbon 
atom, the one second from the carboxyl group the 6^/a-carbon 
atom, the third gamma, etc. Thus CHsCHBrCOOH is alpha- 
bromopropionic acid and CH 2 BrCH 2 COOH is beta-hromo- 
propionic acid. 

The simplest cyclic compound, benzene, is represented 
structurally by a hexagon with a carbon atom at each point, 
and is numbered clockwise, starting with number one at the 
top. It is understood that a hydrogen atom is attached to 
each carbon atom. When two radicals or side-chains are sub¬ 
stituted in place of the hydrogen in adjacent or the 1,2 posi¬ 
tions, the resulting compound is called an ortJw-coinpound, 
When the groups are in the 1,3 positions the compound is called 
a ?u^/G-compound; in the 1,4 positions a />ara-compound. These 
are sometimes expressed by italicized letters, o, m and />. When 
three groups are substituted in the ring, numbers are used to 
indicate their position. As a convenient chemical shorthand 
these are often represented as indicated by the examples below. 


C 

5 



4 


Cl Cl Cl 

O O 0“=0.. 

Benzene Chlorobenzene Ortho-di- 1,3,6 Tri- 
C6H6 CoHsCl chlorobenzene chlorobenzene 

C6H4CI2 CeRzCU 


Naphthalene is represented as two benzene rings sharing 
two adjacent carbon atoms. The one position is at the top of 
the right ring and the numbering is clockwise, omitting the 
two shared carbon atoms in the middle, giving 8 numbered 
positions. The 1,4 positions are also called alpha, the 2,3 posi¬ 
tions beta, the 5,8 positions alpha! and the 6,7 positions beta\ The 
structural representation is as follows: 


8 1 ft' 
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Thus a//>/ia-naphthol has the hydroxyl, OH, group in the 1 
or alpha position adjacent to a shared carbon atom. />V/fl-naphthol 
has the hydroxyl group in the 2 or beta position. There are two 
positions for alpha or beta because the structure is the same 
whether you consider the formula in a given position or in¬ 
verted. 

Mono compounds are not usually so designated, as it is 
assumed that only one radical is substituted in the compound 
unless otherwise indicated. Di compounds are those having 
a radical substituted twice, tri compounds three times, up to 
hexa compounds which have a radical substituted 6 times. 
Thus dichlorobenzene is C«H 4 Cl 2 and hexachlorobenzene is 
CttClfi. In lists where compounds are arranged alphabetically 
these prefixes are considered part of the name, while numbers 
and Greek letters are not. When ortho, mota and para are spelled 
out rather than indicated by o, m and p they are considered part 
of the name. 

Structure is also shown by the modifying terms, normal, 
secondary and tertiary. A normal compound has no side- 
chains ; each carbon atom is linked to two other carbon atoms, 
as in normal propyl alcohol, CH 3 CH 2 CTI 2 OH. A secondary 
compound has two carbon atoms linked to a third carbon atom, 
as in secondary propyl alcohol, more commonly expressed as 
isopropyl alcohol, (CH 3 ) 2 CHOH. A tertiary compound has 
three carbon^toms linked to a fourth atom, as in tertiary butyl 
alcohol, (CH 3 ). 3 C 0 H. 

Methyl chloride or chloromethane, CH3CI, boils at about 
“24° C. and is therefore a gas at ordinary temperatures and 
pressures. It has a pleasant odor, is slightly soluble in water 
and very soluble in alcohol or ether. Methyl chloride is made 
from methyl alcohol, sodium chloride and sulfuric acid by dis¬ 
tillation. Because of its low boiling point and ready con¬ 
densation under pressure it is used as a refrigerant. A grade 
suitable for that purpose is sold. It is also a reagent in organic 
synthesis. The next member of the series is methylene chloride 
or dichloromethane, CH 2 CI 2 , which is commercially unim¬ 
portant and relatively expensive. 

Methyl iodide or iodomethane, CH3T, is the simple deriva¬ 
tive of methyl alcohol and hydriodic acid produced by di.s- 
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tillation of methyl alcohol from iodine and red phosphorus. 
Although colorless when fresh, the liquid develops color due 
to liberation of iodine when exposed to light, and is therefore 
usually yellow to brown. It is soluble in ether or alcohol, and 
aside from medicinal properties, is an important reagent in 
organic synthesis. Methyl bromide, CHaBr, is similarly used 
in organic synthesis but is a gas at ordinary temperatures. 

Chloroform, CHCI 3 , is a colorless liquid of a characteristic 
sweetish odor, slightly soluble in water and miscible with 
alcohol or ether. It is manufactured by the action of bleaching 
j)owder or sodium hypochlorite on acetone or ethyl alcohol. 
U.S.P. and technical grades are sold. The U.S.P. grade con¬ 
tains 0.5-1.0 per cent of alcohol. It is an important solvent, 
since it dissolves rubber, fats, alkaloids, etc. Chloroform is 
noninflammable but the vapors in contact with flame form an 
oxidation product, carbonyl chloride or phosgene, COClo, which 
is both irritating and poisonous. It is used as a spotting fluid 
by dry cleaners and as an anesthetic. 

Bromoform, CHBra, resembles chloroform in general prop¬ 
erties and solubilities. Because of the bromine content it is 
more expensive. It is obtained by heating acetone or alcohol 
with bromine and caustic soda solution, and distilling. The 
U.S.P. grade sold is from the IX edition and contains up to 4 
per cent of alcohol. Uses are largely medical. 

Iodoform, CHI 3 , consists of lustrous scales or crystals, or a 
yellow powder, and is insoluble in water, slightly soluble in 
alcohol and moderately soluble in ether. It is a U.S.P. product 
prepared by the combined action of iodine and aqueous potas¬ 
sium hydroxide on ethyl alcohol, acetone, acetaldehyde or a 
similar organic compound, or by electrolyzing a solution of 
potassium iodide in the presence of acetone or alcohol. It is 
used as an antiseptic dressing and for other medical purposes. 

Carbon tetrachloride, CCI4, is manufactured by the reaction 
of chlorine with carbon bisulfide in the presence of antimony 
pentasulfide, which acts as a carrier. Carbon tetrachloride is a 
noninflammable organic liquid practically insoluble in water 
but miscible with alcohol or ether. Ordinary and fire-exting¬ 
uisher grades are sold. It acts as a fire extinguisher because 
the heavy vapors displace the air and thus prevent combustion. 



168 


CHEMICALS OF COMMERCE 


Carbon tetrachloride is an important fat and oil solvent and is 
much used as a household fabric cleaner. It is also used as 
the cleaner in some automatic dry-cleaning machines. A dis¬ 
advantage in its commercial use is that it reacts slowly with 
water to form hydrochloric acid which in turn attacks metals. 
The fumes are moderately toxic. In the presence of a flame or 
of hot metal it is partially converted to phosgene, COCI 2 , which 
is highly toxic. 

Ethylene, C 2 H 4 , is a hydrocarbon gas important as a start¬ 
ing material for synthesis. It has a faint, pleasant odor, is 
unsaturated, and has the structure H 2 C iCHj. Ethylene is pro¬ 
duced from ethyl alcohol by chemical removal of a molecule 
of water. Commercially, supplies are also obtained by passing 
acetylene and hydrogen over a nickel catalyst, from the cracking 
of petroleum oil, and from natural gas. The production from 
acetylene is the important source. It is not an article of com¬ 
merce to any great extent, being used only in purified form 
from small pressure cylinders as an anesthetic, and for the 
artificial ripening of fruit. Generally producers use it for con¬ 
version to other products. Some is used as a fuel to give a hot 
flame for cutting and welding. 

Ethyl chloride or monochloroethane, C 2 H 5 CI, is a gas at or¬ 
dinary temperatures and pressures, since it boils at 12.5°C. 
when pure. It is slightly soluble in water, very soluble in 
alcohol and mixes with ether. The vapor is highly inflammable. 
Ethyl chloride is made by distillation of a mixture of ethyl 
alcohol and phosphorus chlorides, or in the same way as 
methyl chloride. It is sold in drums under pressure and used 
as a solvent, as a refrigerant and in organic synthesis as a re¬ 
agent. There is a U.S.P. grade, with a specific gravity of 0.921 
at 0°C., and a boiling point of 12-13°C. 

Ethyl bromide, C2Hr,Br, is a clear, colorless liquid, slightly 
soluble in water and miscible with alcohol or ether. It is pre¬ 
pared by mixing absolute ethyl alcohol with red phosphorus, 
adding bromine slowly and distilling, or by distilling alcohol 
and hydrobromic acid in the presence of sulfuric acid. Methyl 
bromide is used in medicine, in synthetic organic chemistry and 
to a limited extent as a fire extinguisher, 
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Ethyl iodide, C 2 H 5 I, is a clear, colorless, heavy liquid, 
slightly soluble in water and soluble in alcohol or ether. It is 
prepared by distilling ethyl alcohol with red phosphorus and 
iodine. Uses are in medicine, and as a reagent in synthetic 
organic chemistry. 

Ethylene chloride, dichloroethylene or ethylene dichloride, 

CH 2 CICH 2 CI, is a colorless liquid, slightly soluble in water 
but soluble in alcohol and miscible with ether. It is prepared 
by the direct union of ethylene and chlorine. Ethylene di¬ 
chloride is used as a relatively inexpensive synthetic solvent 
for oils, waxes, gums, etc. It is also used for synthetic pur¬ 
poses, and to a small extent medically. Unless blended with 
about one-third of its volume of carbon tetrachloride, it is in¬ 
flammable. The noninflammable mixture is used as an in¬ 
secticide in vapor form, and as a solvent. 

Ethylene bromide or ethylene dibromide, CHoBrCH^Br, is 
a volatile liquid prepared by union of ethylene and bromine. 
Its solubilities are similar to those of the dichloride. It is ex¬ 
pensive, so its uses are limited to organic synthesis and minor 
medical applications. It is required in large volume for the 
manufacture of tetraethyl lead. 

Trichloroethylene, CHCECCU, is a colorless liquid pre¬ 
pared by boiling acetylene tetrachloride with milk of lime or 
by passing it over heated barium chloride. It is insoluble in 
water but miscible with alcohol or ether. Trichloroethylene 
is a very good noninflammable fat solvent and does not form 
hydrochloric acid on standing with water to the degree that 
carbon tetrachloride does. Its applications are as an organic 
solvent of the nature of carbon tetrachloride. It is somewhat 
more expensive than the tetrachloride. 

Tetrachloroethylene, carbon bichloride, carbon dichloride 
or perchloroethylene, CCl 2 .‘CCl 2 , is a noninflammable colorless 
liquid prepared by treating pentachloroethane with caustic 
soda. It is insoluble in water but miscible with alcohol or ether. 
C.P. and technical grades are sold, the two differing widely in 
price. It is used as a solvent in various applications, as in dry- 
cleaning soaps and detergent products, and is also applied in 
organic synthesis. 
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Tetrachloroethane or acetylene tetrachloride, CHCI 2 CHCI 2 , 
is a noninflammable colorless liquid formed by the complete 
reaction of acetylene and chlorine. It is slightly soluble in 
water but miscible with alcohol or ether. This is more ex¬ 
pensive than solvents of the type of carbon tetrachloride but 
not excessively so. It is used as a solvent for oils and fats, 
as an insecticide, and in the manufacture of photographic film, 
although it is somewhat more toxic than the other solvents of 
its class. 

Propylene, CH3CH :CHo and butylene, CH.hCHoCH rCHo, 
have natural sources and properties similar to those of ethylene, 
but are used almost entirely by the producers for organic 
synthesis. 

Propylene dichloride, CH 3 CHCICH 2 CI, may be visualized 
as the methyl derivative of ethylene dichloride, and has similar 
properties and uses. 

Amylene, Cr,Hio, has numerous possible isomers. The com¬ 
mercial product is a mixture of isomeric compounds in which 
(CH3)2C:CHCH3 and CH3CH2CH iCHCHa predominate. It 
is miscible with alcohol or ether but insolu])le in water. The 
product is prepared by the dehydration of fusel oil or ordinary 
amyl alcohol with zinc chloride, but is commercially isolated 
from casing-head gasoline. Amylene belongs to the ethylene 
series of unsaturated hydrocarbons. The colorless, volatile, in¬ 
flammable liquid has a disagreeable odor. It is used in medicine 
as a local anesthetic, and in organic synthesis in large volumes 
because of its reactivity and relatively low price. 

Amyl chloride, QHnCl, is a term which may apply to 
various structures. All are colorless to light yellow licjuids, 
miscible with alcohol or ether. Normal amyl chloride, 
CH 3 (CH 2 ) 4 C 1 is prepared by distillation of amyl alcohol with 
salt and sulfuric acid, or synthetically by addition of hydrogen 
chloride to amylene. Mixed amyl chlorides may contain any 
of the various possible structures but usually only one halogen 
in the molecule. The normal and mixed compounds are used 
in organic synthesis. The mixed chlorides are relatively in¬ 
expensive and are used as .solvents and soil fumigants. 

Dichloropentane, Cr>HioCl 2 , is a mixture of isomeric com¬ 
pounds prepared by the chlorination of amylene. About 40 
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per cent consists of amylene dichlorides, which have the 
chlorine attached to adjacent carbon atoms. It is a colorless 
to light yellow liquid insoluble in water but miscible with 
alcohol or ether, and is used as a solvent and in organic syn¬ 
thesis. 

Dipentene, diamylene or inactive limonene, CioHio, is the 
racemic form of the terpene, limonene, obtained from oil of 
elemi, oil of wormwood and some grades of turpentine. The 
commercial product is produced by polymerization of tri- 
niethylethylene. The colorless liquid‘is insoluble in water but 
miscible with alcohol or ether. It has a lemon-like odor when 
pure and is used in a technical grade as an inexpensive solvent 
of low volatility. 

Benzene or benzol, CoH«, is the simplest of the cyclic or 
aromatic hydrocarbons and is obtained in the destructive dis¬ 
tillation of coal by the refractionation of coal tar distillate, fol¬ 
lowed by purification. It is also recovered from illuminating 
gas by absorption in oil and fractional distillation. Benzene is 
a colorless, volatile and inflammable liquid of substantial 
toxicity, insolulile in water but miscible with alcohol or ether, 
and boiling at a])])roximately 80°C. The impure product may 
contain toluene, xylene and traces of tarry substances. 

The highest grade is nitration benzene, a highly purified 
hydrocarbon for chemical synthesis. Industrial pure benzene 
as known in the trade boils within a range of T" C. and ap¬ 
proaches the purity of the nitration grade. Ninety per cent 
benzene or industrial 90 per cent benzene distils over the range 
from 77° to 120°C. and is a mixture of hydrocarbons of coal-tar 
origin containing at least 90 per cent of benzene. The 50 per 
cent grade of benzene contains higher homologues as con¬ 
taminants. The different grades are selected according to use, 
90 per cent l^enzene being usually satisfactory for solvent pur¬ 
poses. Motor benzol is a grade of rectified crude, suitable only 
for ])lending unless further rectified. It has been substantially 
freed from carbon bisulfide by distillation and from thiophene 
by sulfuric acid treatment. It distils 75 per cent below 100°C.. 
90 per cent below 120°C. and completely below 125°C. Benzene 
is used as a solvent for fats, waxes, resins and rubber in various 
industries, and for the synthesis of innumerable organic com- 
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pounds, since it is the basis for an entire class of aromatic 
compounds, comprising a major proportion of those prepared 
synthetically. From such simple derivatives as nitrobenzene, 
aniline, chlorobenzene, and azobenzene, other more complex 
compounds are made, which are used as dyes, drugs, etc. When 
available, substantial volumes of the cheaper grades are blended 
with gasoline. The supply has been steadily increasing over 
the past few decades due to the use of by-product coke ovens 
in place of beehive ovens. The latter do not recover the benzol 
and other by-products from coal distillation. 

Coal tar is a viscous oily fraction obtained in the distilla¬ 
tion of bituminous coal to produce gas and coke. It must how¬ 
ever, be more closely defined than that. Low-temperature dis¬ 
tillation tar is obtained below 650°C. and is free from aromatic 
hydrocarbons which are present in coal tar. By definition coal 
tar is distilled at 900-1200°C. Tar from vertical retorts differs 
from that from horizontal retorts and a distinction is often 
made between the two. Strictly interpreted, coal tar means 
that from horizontal retorts. Carbonaceous materials such as 
lignite are mixed with the coal in some countries and cause a 
variation in the quality of the tar. 

Coal tar is to be considered a crude material, the entire 
semiliquid distillate from the coal, after separation of an aque¬ 
ous ammoniacal solution. It is almost entirely aromatic in 
nature and is the source of several crude fractions from which 
are synthesized the so-called coal-tar chemicals. Over 100 in¬ 
dividual substances have been isolated as present in coal tar, 
but the separation of many of these is not commercial. 

As quoted, coal tar is classified as crude or refined coal-gas 
tar and crude or refined water-gas tar. The crude contains up 
to 4 per cent of entrained water. It is used to a limited extent 
as a waterproofing agent, roofing material, for tarring ropes, 
in road construction, in paints, etc. However, partially refined 
fractions rather than the crude are used for nearly all purposes. 
The crude is so complex as to be only partially soluble in most 
solvents. The major use is for distillation to further fractions. 

A preliminary distillation yields approximately the follow¬ 
ing fractions: crude naphtha up to 110°C.; light oil to 200®C.; 
crude phenol, light creosote or middle oil to 250®C.; heavy 
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creosote or creosote oil to 280®C., anthracene oil to 350^C. and 
coal-tar pitch as residue. These are varied according to market 
demand, such as by taking a cut from the distillate at 160-180’" 
C. for cumarone and indene. 

Prepared tar has been partially distilled, usually up to the 
creosote-oil fraction. This soft coal-tar pitch is often blended 
with creosote, asphalt, bitumen, etc. for road tar, roofing im¬ 
pregnation, and use as a protective coating. 

Coal-tar pitch is the dark brown to black amorphous resi¬ 
due after coal tar is redistilled, and amounts to 50-60 per cent 
of the usual grades of coal tar. It is a solid, sold as softening 
at 160"" F. It is used as a binder for coal briquets, as an in¬ 
gredient in compounded protective coatings, as a binder in 
electrode manufacture, in electrical insulating compounds and 
in many miscellaneous ways where an inexpensive thermo- 
l)lastic is required. Wood-tar pitch is similarly derived from 
wood tar and similarly used. 

Crude naphtha contains mostly benzene and toluene and is 
first washed with 10 per cent aqueous sodium hydroxide to 
remove phenols, then with dilute sulfuric acid to remove basic 
materials. It may also be agitated with concentrated sulfuric 
acid to destroy olefinic compounds and other reactive sub¬ 
stances. After washing with water to remove acid the material 
is fractionally distilled with greater or less care, according to 
the grade of benzene and toluene desired. 

Light oil contains mainly higher homologues of benzene 
with some phenol and pyridine. The oil is treated in the same 
way as the crude naphtha to remove acidic and basic sub¬ 
stances, and distilled to give various hydrocarbon fractions. 
Pyridine is isolated from the acid extracts of crude naphtha, 
light oil and other fractions. It is fractionally precipitated by 
ammonia, then liberated by caustic soda, and purified by dis¬ 
tillation from the crude black oil in which it is first isolated. 

Light creosote or middle oil contains phenol, cresols, 
naphthalene, etc. It is usually solid at ordinary temperatures. 
The crude naphthalene is separated by crystallization from the 
phenolic bodies and isolated by pressing. This is then purified 
by alkali washing, acid washing and distillation or sublima¬ 
tion. The crude phenolic liquid contains basic substances and 
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residual hydrocarbons, with up to 35 per cent of phenols. It is 
processed as described for crude naphtha but gives much more 
of the crude sodium phenolate fraction. That from other frac¬ 
tions may be added. This is steam-distilled to remove dissolved 
hydrocarbons or carbon dioxide, and the crude phenol which 
separates is distilled, The fraction up to about 180°C. is crude 
carbolic acid or crude phenol, higher fractions cresylic acid. By 
further fractionation, phenol, various cresols. xylcnols, etc. may 
be isolated. Naphthalene and pyridine are isolated from the 
acid- and alkali-insoluble, and the acid-soluble fractions, re¬ 
spectively. 

Heavy creosote or creosote oil contains phenol, creosote, 
naphthalene, anthracene, etc. The naphthalene may be dis¬ 
tilled over in the first fractions, leaving tar-acid oil, containing 
up to an equivalent of 30 per cent of phenol. The creosote oil 
may also be worked up further. Crude quinoline bases can be 
extracted with sulfuric acid. From these isoquinoline can be 
purified by fractional precipitation with ammonia. Indole is 
extracted with caustic potash from the neutral oils of the 
creosote-oil fraction, and liberated with water. Acenaphthene 
is distilled at 260-270®C. and purified by crystallization from 
alcohol. 

Anthracene oil is semi-solid at room temperature but liquid 
at 60°C. By pressing out the oils it is purified to 30-40 per 
cent anthracene, along with methylanthracene, phenanthrene, 
acenaphthene, diphenyl, pyrene, carbazole, acridine, etc. 
Phenanthrene is present in substantial amounts and is extracted 
with naphtha. Carbazole, another major ingredient, is ex¬ 
tracted with pyridine. Fluorene is isolated by treatment with 
solid caustic potash. The anthracene oil is also often left with 
the coal-tar pitch, the distillation being stopped after the 
creosote oil is separated. 

Phenyl chloride, chlorobenzene or monochlorobenzene, 

CgHkCI, is a colorless liquid insoluble in water but miscible 
with alcohol or ether. It is prepared by passing chlorine into 
benzene in the presence of molybdenum chloride. The action 
is stopped when the monochloro derivative is obtained, as 
shown by the increase in weight. It is used in organic syn- 
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thesis for the preparation of numerous compounds including 
the sulfur-black series of dyes. Chlorobenzene is unimportant 
except for preparation of other benzene derivatives. The term 
chlorobenzene is sometimes confused with benzyl chloride, 
CoHjCH^Cl which is entirely different in reaction. The cor¬ 
responding phenyl bromide or bromobenzene, CcH^Br, is oc¬ 
casionally used but is much more expensive than phenyl- 
chloride. 

Diphenyl, CcHnCoHrM is a white to light yellow crystalline 
compound insolulffe in water, moderately soluble in methyl or 
ethyl alcohol or ether. It is prepared by passing benzene 
through a red-hot tube, or in small quantities by the action of 
sodium on an ethereal solution of bromobenzene. Diphenyl is 
used in organic synthesis for the preparation of materials used 
as disinfectants, dyestuffs, etc. It is also a heat transfer medium 
at high temperatures. 

Diphenylmethane or benzyl benzene, (C 6 H 5 ) 2 CH 2 , is a col¬ 
orless crystalline compound insoluble in water but very soluble 
in alcohol or ether. Its melting point is 27® C., slightly above 
room temperature. It is made by the condensation of benzyl 
chloride and benzene in the presence of aluminum chloride or 
zinc dust and lieat, or by the reaction of benzene with formalde¬ 
hyde. Use is in organic synthesis, in particular in making 
benzophenone and dyestuffs, and as an odorant, such as in 
soap, to replace geranium oil. 

Chloroacetophenone, C«Hr,COCH 2 Cl, is prepared by the re¬ 
action of benzene with chloroacetylchloride in the presence of 
aluminum chloride. The white to light brown crystalline pro¬ 
duct is slightly soluble in water but very soluble in alcohol or 
carbon bisulfide. It is used as an intermediate in organic 
synthesis, and as a tear gas is effective at one part to 3 million 
parts of air. 

Dichlorobenzene, CuFUClo, can exist as three isomers, ortho- 
dichlorobenzene, ;;/c/a-dichlorobenzene and para-dichloro- 
benzene. Two are important commercially, the ortho and para 
compounds. A mixture of these containing a little of the ineta 
compound, is prepared by the controlled chlorination of ben¬ 
zene or chlorobenzene, and separated by pressing. The para 
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compound is a white crystalline material of characteristic odor, 
miscible with alcohol and very soluble in ether but insoluble 
in water. It is used in organic synthesis, as deodorant blocks, 
and in moth-proofing and insecticidal preparations. The ortho 
compound is a nearly colorless liquid, insoluble in water, very 
soluble in ether and miscible with alcohol. Because of its status 
as a by-product of the para isomer the price is much lower, de¬ 
mand being limited. It is used in organic synthesis, as a 
relatively nonvolatile solvent, as a fumigant, and for varied 
miscellaneous purposes. Some grades of mixed dichloro¬ 
benzenes containing trichlorobenzene, CcHsCls, and other de¬ 
rivatives, are sold under special trade names. They are high 
in the ortho compound because of trade demand for the para 
isomer. 

Toluene, toluol, or methylbenzene, CHsCcHd, is a colorless 
inflammable liquid prepared by fractional distillation of the 
light oil fraction of coal tar, or by extraction from illuminating 
gas. It is insoluble in water but miscible with alcohol or 
ether. The pure material boils at about 110®C. Nitration pure 
toluene boils within a range of 2°C. A second quality or in¬ 
dustrial pure toluene is of but little lower quality and boils 
within a range of 4°C. Analagous to benzene, a solvent grade 
is sometimes offered boiling between 100° and 150° C. This is, 
strictly speaking, hardly toluene. Toluene is used in or¬ 
ganic synthesis for the preparation of many compounds, and 
as a solvent closely related to benzene but less toxic. When 
nitrated it gives the explosive trinitrotoluene, popularly known 
as TNT. 

Benzyl chloride, C 6 H 5 CH 2 CI, is a colorless, refractive liquid 
miscible with alcohol or ether. It is prepared by passing 
chlorine through boiling toluene until it has increased 38 per 
cent in weight. The product is washed with water and purified 
by fractional distillation. Both a 95-97 per cent refined grade 
and a technical product are available. It is used in making 
dyes and intermediates, perfumes, pharmaceuticals and syn¬ 
thetic resins. 

Xylene, xylol, or dimethyl benzene, C 6 H 4 (CH 3 ) 2 , is a color¬ 
less inflammable liquid containing a mixture of the three pos- 
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sible isomers, obtained by the fractional distillation of coal- 
tar naphtha. It is very soluble in alcohol or ether but insoluble 
in water. The isomers do not have identical boiling points, 
but boil within a range of about 6°C. Grades sold are 5° and 
10® meaning that the distillation is cut within that range of 
temperature, and commercial. The 5® xylene boils between 
137® and 142® C. and is high in the meta isomer. The 10® xylene 
boils between 135® and 145®C. The industrial grade differs 
but little from solvent naphtha, distilling only 90 per cent below 
150®C. but completely below 160®C. Xylene is used in organic 
synthesis, sometimes after partial separation of the isomers, 
and as a solvent. 

Solvent naphtha or coal-tar naphtha is a term for fractions 
of coal-tar distillate containing mixed hydrocarbons. Small 
amounts of benzene and toluene and large amounts of xylenes 
are present, with cumene and higher molecular-weight homo- 
logues. Tliey are of white to straw color according to the degree 
of refining. The usual grades are water-white and high- 
flash, the latter being higher in price and stripped of the lower 
hoinologues. The flash point is over 80°C. and from a fire- 
risk viewpoint these solvents are considered relatively safe. 
Cuts are usually approximately 163-177®, 148-190® and 147- 
2C)0®C. Uses as a solvent are in rubber products, in the prepara¬ 
tion of synthetics, and in paints, varnishes, enamels and lac¬ 
quers as a higli-boiling hydrocarbon. The solvent properties 
are those of other coal-tar hydrocarbons but with a lower 
degree of volatility than benzene, toluene or xylene. They are 
closely allied to industrial grades of toluene and xylene, being 
simply higher in the content of the higher molecular-weight 
hydrocarbons. Cumene is also sold as a fraction cut within a 
range of 15® as a purified high-flash solvent. Crude solvent 
naphthas are sold with relatively wide distillation ranges. 
Plasticizing oil is a term for cuts of this nature distilling over 
300®C. but having coal-tar hydrocarbon properties. 

Shingle-stain oil contains high-boiling, crude coal-tar hydro¬ 
carbons. It distils between 140® and 350®C. and is dark red 
in color. It is designed as a solvent for wood stains, and as a 
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solvent in baking enamels and other finishes where such a high 
boiling point is permissible. It is low in price. 

Styrene, styrol or vinylbenzene, CeHsCH .CHo, is a color¬ 
less to yellowish viscous liquid. It is present in storax and 
synthesized from cinnamic acid. The hydrocarbon is soluble 
in alcohol or ether and polymerized to a glassy resin, nieta- 
styrene or ni-st)n:ene. The bromine derivative, bromostyrene 
or dibromostyrene, CoHsCHBrCHoBr, also liquid, is an odor¬ 
ant of the hyacinth type used in perfumes and soaps. 

Naphthalene, CioHg, is a white crystalline solid obtained 
by cooling the middle oil of coal tar or by other means described 
under coal tar. A crude grade is brown, due to incomplete re¬ 
moval of other constituents. It has the characteristic odor of 
“moth balls” and is insoluble in water, moderately soluble in 
absolute alcohol and very soluble in benzene. Grades sold are 
domestic crude of 74° and 78°C, melting point, and imported. 
It is also sold in a refined grade as balls, flakes, chips and 
crystals. It is used as an insecticide, particularly as a moth 
killer, and in organic synthesis. Because the color of dyestuffs 
is related to molecular weight this large molecule is particularly 
important in their synthesis. Derivatives of naphthalene are 
necessarily formed as intermediate products. 

Syntlietic naphthalene derivatives, such as amylnaphthalene 
or monoamylnaphthalene, C 10 H 7 C 5 H 11 , diamylnaphthalene, 
CioH«(Cr,Hii) 2 , and mixtures with higher isomers are available. 
They are yellow to brown unless highly refined, are themselves 
mixtures of amyl isomers, and are the product of reaction of 
naphthalene and amyl chlorides in the presence of aluminum 
chloride. They are solvents and plasticizers. 

Other high molecular-weight hydrocarbons of lesser im¬ 
portance than naphthalene are derived from coal tar, such as 
anthracene, C«H4(CH)oCoH4 ; an isomer of anthracene, phe- 
nanthrene; fluorene, (CoH 4 ) 2 *CH 2 , etc. Anthracene is avail¬ 
able as an 80 per cent grade at a high price, and as a relatively 
inexpensive 40 per cent grade. 

Tetralin or tetralene is 1,2,3,4-tetrahydronaphthalene, 
C 10 H 12 , a colorless oil obtained by the hydrogenation of naphtha¬ 
lene at 150° C. in the presence of a catalyst. Commercially, 
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decahydronaphthalene is usually present. Tetralin is insoluble 
in water but miscible with alcohol or ether, and is used as a 
solvent for naphthalene, rubber, waxes, resins, printing ink, etc. 

Cymene occurs as three isomers but the commercial product 
is -cymene, CHaCoH4C3H7, />ara- isopropyl toluene. This 
is a colorless liquid having a pleasant odor, obtained by heating 
camphor with phosphorus pentoxide. It occurs in oil of cumin, 
wild thyme, lemon and otlier essential oils. Commercially it is 
obtained from camphor by heating with phosphorus pentoxide. 
In a less pure form it is a mixture of isomers and homologues 
obtained in the naval-stores industry. It has an aromatic odor, 
and is soluble in ether or chloroform and very soluble in alcohol. 
A refined grade is sold for use in organic synthesis, as a solvent, 
and as a basis for plastics. 

Pine oil is the term for a class of very light yellow to deep 
yellow liquids of medium viscosity and varying but related 
odors. They are obtained by destructive distillation or by the 
steam distillation of pine wood. Pine oil is solulile in acetone, 
alcohol, chloroform, benzene, and turpentine but insoluble in 
water. Several fractions of lower viscosity are closely related 
to j)ine oil but sold under trade names. All are largely of ter- 
pene nature. Grades sold are destructively distilled and steam 
distilled. The latter has a more pleasant odor and is lighter 
in color. Uses are diverse, in paints and varnishes, soaps, dis¬ 
infectants of the pine-oil type, textile-scouring preparations, 
ore flotation, degumming silk, general detergents, and as an 
odorant in many products. Pine oil is not to be confused with 
pine-needle oil, a more expensive odorant of terpene origin, 
nor with ])ine-tar oil, a phenolic type of product. 

Terebene is a colorless mixture of turpentine hydrocarbons, 
chiefly dipentene and terpinene, prepared from oil of turpen¬ 
tine. The odor is somewhat like that of thyme, and the ma¬ 
terial resinifies on long exposure to light and air. It is a U.S.P. 
product with general properties as described, miscible with 
ether, chloroform, or absolute alcohol, and is used in medicine 
as an expectorant and antiseptic. It is relatively e.xpensive 
and therefore not an industrial solvent. Related fractions sold 
under trade names are less expensive, and are used as solvents. 



CHAPTER XVIII 


PETROLEUM HYDROCARBONS AND RELATED 

PRODUCTS 

The hydrocarbons derived from petroleum are numerous 
and complex, varying from natural gas and highly volatile and 
inflammable hydrocarbons to asphalts and wax-like bodies. In 
general they are derived from the same liquid source, crude oil 
or crude petroleum, with the qualification that petroleum from 
different sources varies greatly. A few are mined. As a gen¬ 
eral method of classification after consideration of the crude 
natural petroleum, the products have been considered roughly 
in order of decreasing volatility. At one time the products of 
petroleum were separated sequentially by distillation, as pe¬ 
troleum ether, gasoline, kerosene, safety kerosene or 3C)0°-oil, 
light spindle oil, various grades of lubricants or gas oil, and 
fuel oil. The complexities of the industry no longer permit 
such simple and rational classification. They are in general 
unreactive. Some unsaturated hydrocarbons from natural gas 
or from the processing of petroleum have been considered with 
their derivatives in the preceding chapter. 

The handling of petroleum products entails such a myriad 
of specifications that only a few can be discussed here, those 
most frequently used as reference points in quoting. 

Varied special methods of testing petroleum products in¬ 
clude the following: The flash point of an inflammable liquid 
is the temperature at which it evaporates at such a rate that 
its vapor forms an inflammable mixture with air under specified 
conditions, either with open-cup or closed-cup equipment. The 
fire point is the temperature at which the vapors collect fast 
enough to burn continuously under standard conditions with 
an open cup. Heavy oils such as lubricating oils are frequently 
classed by viscosity. This is usually reported as the .Saybolt 
viscosity, the time in seconds required for 20 cc. of oil to flow 
through a standard orifice at a specified temperature. The 
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temperature at which an oil will show a cloud is called the cloud 
point. The lowest temperature at which it will flow in a 4- 
ounce oil bottle is the pour point, sometimes referred to as the 
cold test. Lubricating oils are also classified by a color num¬ 
ber, a value obtained by comparing the oil with a standard glass 
or a standard oil in a suitable instrument. Specific gravity of 
liquid petroleum products is usually reported in degrees Baume. 

Some products not of petroleum origin compete so directly 
with petroleum derivatives that they are also included in this 
chapter. The solubilities of petroleum derivatives do not differ 
sufficiently from product to product to justify repetition. In 
general, petroleum products are soluble in alcohol, benzene, 
chloroform or ether, the extent of the solubility varying in 
different fractions and also with the type of crude oil from 
which the material was derived. 

Crude petroleum or crude oil is an oily liquid occurring in 
numerous shale and sandstone deposits throughout the world. 
While widely distributed, the two largest sources are the 
United States and Russia. Petroleum is thought by many to 
be organic in origin, possibly formed from the decomposed 
residues of plankton and similar microorganisms. Others 
postulate an inorganic synthesis of the hydrocarbons. Wells 
were originally drilled at points where petroleum has been 
found to accumulate. Deposits are now often located without 
any surface indications of oil seepage. The oil is forced to the 
surface of the earth by pressure of the gas which occurs with it. 
After wells cease to flow by gas pressure, the petroleum is 
pumped. 

The physical properties vary widely even in the United 
States, where a California field gives a petroleum which is 
largely volatile enough for use as gasoline, another field a product 
more closely approaching asphalt in its crude form. 

The orange to greenish brown or black liquid contains a 
multitude of hydrocarbons—open-chain, saturated and unsat¬ 
urated, and cyclic. Open-chain saturated hydrocarbons vary¬ 
ing from methane, CH4, to one with a composition of C27H56, 
have been isolated from petroleum and the accompanying 
natural gas. They are sometimes designated the paraffin series 
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of hydrocarbons. Sulfur and nitrogen compounds of an or¬ 
ganic nature, considered as impurities, are usually also present. 
Petroleum varies in composition with the location of its source, 
but may be classified as either paraffin-base or asphalt-base 
in type. The former yields a crystalline solid, paraffin, con¬ 
sisting of compounds having the general formula, CnH 2 n 4 . 2 « 
The latter yields noncrystalline material consisting of naph¬ 
thenes, a series of saturated cyclic hydrocarbons. Some 

deposits are mixtures of the two types. Crude petroleum is 
quoted by the district in which it is produced such as Cali¬ 
fornia, Canada, Central West, East Texas, Gulf Coast, Ken- 
tucky-Tennessee, Louisiana-Arkansas, Mexico, Midcontinental, 
Pennsylvania, Rocky Mountain, South, Central and South¬ 
western Texas, Texas Panhandle, West Texas. Many of these 
are subclassed by dozens of divisions of the field. 

Natural gas, occurring with the petroleum and derived 
from the same source, must be considered as a part of the 
petroleum. It is composed of volatile hydrocarbons, being a 
fraction which is gaseous at room temperature and a pressure 
of one atmosphere. 

Methane, CH4, is the major ingredient of natural gas, to¬ 
gether with other higher boiling hydrocarbons. It is a color¬ 
less, odorless gas at ordinary temperatures. The natural gas 
is usually stripped of the condensable hydrocarbons by carbon 
treatmen't, use of silica gel, chilling or other processes to give 
casing-head gasoline. The remaining gas is piped and sold 
as fuel, used to enrich water-gas, burned in the production of 
carbon black or, in some fields, allowed to escape into the air 
to the extent of billions of cubic feet annually. Ethane, CoHh, 
is a colorless, odorless gas, present to some extent in natural 
gas. Neither methane nor ethane is quoted as such. Both are 
unreactive, so that derivatives are not made from them directly. 
Both are also major constituents of coal gas, produced by the 
distillation of coal for addition to water gas. Ethane is used 
to some extent as a fuel for dirigibles because the density of 
the gas approximates that of air, therefore the lifting power is 
not increased or decreased as it is consumed. 
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Propane, CaHg, is one of the most volatile ingredients of 
casing-head gasoline, so volatile that its presence is undesirable. 
It boils at —48.1°F. and is present in solution in the other 
hydrocarbons rather than as a true condensate. Propane is 
sold at a low price in cylinders under pressure, for use as gas 
where piped supplies are not available. No high degree of 
purification from other hydrocarbons is necessary. Some is 
used as a refrigerating medium, competing in a minor way 
with methyl chloride and ammonia. 

Butanes, C 4 H 10 , are a mixture of the normal and isobutyl 
compounds, a product of natural gas boiling at 16-32°F. The 
properties and uses are in general similar to those of propane, 
with in addition some use as a very low-boiling solvent. A 
mixture containing much pentane is sold in steel cylinders and 
pressure tank cars for use as a gas supply where natural or 
manufactured gas is not available. 

Normal pentane, CH 3 (CH 2 ) 3 CH 3 , is obtained as a frac¬ 
tional distillate from casing-head gasoline. The colorless in¬ 
flammable licpiid is sold as a technical grade boiling at 28-38'^C., 
and as a laboratory grade. It is used as an anesthetic and as 
a very low-boiling solvent. Isopentane, or 2-methyl butane, 
CH 3 CH 2 CH(CH 3 ) 2 , is similarly derived and boils at 26-30°C. 
Its uses are similar but it is much more expensive, as would 
be expected from the closer cut. Impure pentanes are also 
present with propane and butanes in casing-head gasoline. 

Hexane, C^Hu, is a colorless liquid obtained by the frac¬ 
tional distillation of casing-head gasoline. A technical grade 
])oiling at 60-70°C., a more closely cut fraction boiling at 
65-67°C., and laboratory grades, are sold for use as a solvent. 
Heptane, CtHkj, is similar to hexane in nature and source. 
Fractions sold are mixtures of various heptanes, and boil at 
77-115°C., and at 86-100°C. Octane, CgHis, is similar to hep¬ 
tane and hexane. The commercial mixture boils at 100-140° C. 
and is used as a solvent. 

Petroleum ether, petroleum spirit or ligroin, is a general 
term for low-boiling petroleum solvent. The term includes 
products boiling below room temperature in some cases. The 
composition varies with the boiling point, hydrocarbons from 



184 


CHEMICALS OF COMMERCE 


butane to octane predominating. In general, the grades sold 
are those boiling at 30-60°C., 55-60°C., 40-75°C. and a labora¬ 
tory grade. It is used as a solvent, particularly for fatty 
materials. The term benzine usually means this class of sol¬ 
vent, but the term is sometimes more broadly used to include 
less volatile solvents. 

Rubber solvent is a grade of petroleum ether especially 
refined for preparing solutions of crude rubber commercially 
known as rubber cements. It is classified by the constants 
obtained in distillation, as standard grade, ISO^'F. initial boiling 
point, 288°F. end point; and light grade, 120°F. initial boiling 
point, 250®F. end point. The standard grade approximates a 
grade sometimes called benzene substitute. 

Naphtha is a term which is often applied to volatile petrol¬ 
eum fractions. It has no definite meaning unless modified by 
a qualifying term. Unqualified, it may mean anything from 
the lowest boiling petroleum ether to kerosene. 

Varnishmakers’ and painters* naphtha or VM. and P 
naphtha is a grade of petroleum distillate prepared as a highly 
volatile thinner for paint and varnish. Grades quoted arc 
classified as 54-57® Be,, 190®F. initial boiling point, 310® F. end 
point; and 46.5® Be., 254®F. initial boiling point, 380®F. end 
point. Many commercial grades are cut more closely than this. 
It has many miscellaneous uses. 

Hydrogenated naphtha is a type produced by the hydro¬ 
genation of petroleum. It contains some cyclic-type hydro¬ 
carbons which modify the solvent properties. Grades are sold 
by numbers 1 to 4 for use as solvent for various purposes, 
largely in products used as protective coatings. 

High-solvency naphthas are hydrocarbons of high cyclic- 
hydrocarbon content. They may be produced from petroleums 
containing upward of 18 per cent of cyclic compounds, by ex¬ 
traction with liquid sulfur dioxide, or by synthetic processes 
from petroleum hydrocarbons. Toluene substitute distils at 
200-275®F. and contains over 70 per cent of cyclic compounds, 
xylene substitute at 275-370® F. and contains over 90 per cent. 
Varied grades are sold by number. 
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Stoddard solvent is a well recognized and defined fraction 
of petroleum. It has been called safety solvent and is sold by 
all major oil companies under various names. The specifica¬ 
tion drawn up in 1928 and revised in 1937 requires freedom 
from water and suspended matter, color not darker than 21 
Saybolt which is water-white, sweet odor, flash point over 
100° F. and in practice usually about 103°F., only slight cor¬ 
rosion of copper in 3 hours at 212°F., distillation of 50 per 
cent below 350°F., 90 per cent below 375°F., and an end point 
not over 410°F., and no acidity of the residue in the flask. It 
is normally quoted as specification CS3-37 which is that sum¬ 
marized in this paragraph. Stoddard solvent is intended for 
use in dry cleaning of fabrics—to avoid the fires in dry-cleaning 
establishments so prevalent a decade ago, when a more readily 
inflammable liquid was used. Cleaners’ naphtha is very simi¬ 
lar, but cut somewhat closer and correspondingly is somewhat 
more expensive. 

Petroleum thinner or turpentine substitute is a closely cut 
fraction of petroleum distillate usually quoted by gravity in 
Baume degrees, and by distillation range. Representative 
grades are 34°Be., 325°F. initial boiling point, 390°F. end point; 
44°Be., 311°F. initial boiling point, 385°F. end point; 56°Be., 
2(X)°F'. initial boiling point, 300°F. end point; 43-47°Bt\; 47- 
49°Be., etc. Varied grades are used as thinners in paints 
and varnishes, either as the light volatile diluent or for addi¬ 
tion to the varnish in the kettle to “quench” it. 

Lacquer diluents are petroleum fractions added to such an 
extent as is possible, in place of more expensive organic sol¬ 
vents. The dilution ratio of a laccpier solvent is a specific 
function of the solvent used. The use of the cheaper petroleum 
diluents permits lower cost of lacquers—too much diluent 
precipitates the cellulose derivative, either initially or during 
drying. From the latter statement it follows that the diluent 
must be more volatile than the solvent. Typical grades are 
classified as the following: Gravity 49-51°Be., 257°F. initial 
boiling point, 365°F. end point; gravity 58-62°Be., 160°F. initial 
boiling point, 270° F. end point; gravity 61-63°Be., 149°F. initial 
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boiling point, 275®F. end point. These liquids are closely re¬ 
lated to other petroleum fractions used for other purposes. 

Gasoline or gasolene, is a term which has evolved through 
various meanings as applying to volatile fractions of petroleum. 
Straight-run gasoline is that distilled directly from crude oil, 
usually between 200° F. and 400° F. Cracked gasoline is that 
obtained by application of various heating processes by which 
higher molecular-weight hydrocarbons are broken down to 
molecular weights of the size requisite for gasoline volatility. 
The same process produces many unsaturated hydrocarbons. 
Casing-head gasoline or natural gasoline is that recovered from 
natural gas by absorption in carbon black or activated carbon, 
by compression or by other methods. Leaded gasoline is that 
to which tetraethyl lead has been added to reduce the tendency 
to “knock” or ‘"ping”. Antiknock gasoline is that with a high 
antiknock value whether due to the presence of tetraethyl lead 
or to benzene or to unsaturated hydrocarbons. Re-formed 
gasoline is that produced by polymerization of gaseous hydro¬ 
carbons. 

It is requisite that gasoline be sufficiently volatile to give 
off inflammable vapors below the average outdoor temperature, 
although it is relatively nonvolatile at 0°F. and below. The 
most important grading is by antiknock value expressed as 
octane number. This indicates its detonation characteristics, 
expressed as relative values in terms of a standard fuel. The 
standard fuel is a mixture of w-heptane and isooctane, (2,2,4- 
trimethyl pentane). The octane number of a motor fuel is 
the per cent by volume of isooctane that must be mixed with 
normal heptane in order to match the knock intensity of the 
fuel being tested. The higher the octane number, the less the 
tendency of the fuel to knock. Grades are available from 52 
to 100, the latter being a special aviation gasoline. A maxi¬ 
mum standard for sulfur-content is often specified, that of the 
U. S. government being 0.1 per cent. 

The gravity normally varies from 52-78°Be.. the lower 
values being those of gasolines of higher volatility. Occasionally 
it is defined in pounds pressure per square inch at a given tem¬ 
perature, which is a measure of volatility by a static method, 
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this being applied to natural gasolines where high pressure is 
disadvantageous, and therefore resulting in a lower price. 
Grading by initial boiling point and end point is common. 
The commercial grades are so complex that they can only be 
indicated in general. Pennsylvania grades are 60 octane ; 52-54 
octane, 450° F. end point; and 54-56 octane, 400° F. end point. 

Kerosene, once of great importance for illuminating pur¬ 
poses, is a petroleum fraction of relatively minor significance, 
a fraction of lower volatility than gasoline. It is usually a 
straight-run product from the distillation of crude oil. Kero¬ 
sene is graded by color as prime white, water white, etc. and 
by specific gravity, such as 41-43°Be., 42-44°Be., 45°, 46°, and 
47°Be. It is used as an illuminating oil and as a burning oil 
in stoves. Some minor amounts are used as solvents and some 
solvents already discussed are fractions obtained from kero¬ 
sene by redistillation into closely cut fractions. Deodorized 
kerosene is a more highly refined grade, usually treated with 
activated earth or carbon. It is used as a vehicle for insect 
sprays, usually containing pyrethrins from pyrethrum flowers. 

Furnace oil or kerosene distillate is a petroleum distillate 
having a specific gravity of the order of 40°Be. It is usually 
sold by number from 1 to 4, No. 1 being the most expensive, 
but occasionally by specific gravity, such as 28-30°Be., 32- 
36° Be., 36-38° Be. and 38-40°Be., and by color, such as straw 
and light straw. This oil fraction is used in furnaces equipped 
with a simple vaporizing burner and is best visualized as a 
low-volatility kerosene. 

Gas oil usually consists of the last fraction distilled from 
petroleum, the highest-boiling fraction. The yellow to brown 
oil is sold according to source by specific gravity, usually 32- 
36°Be. It is used for the production of gas by spraying on 
hot brick work in a “carburetor'*. This gas is then added to 
water gas to increase its value for illumination and heating. 

Fuel oil varies widely in composition, but is usually the 
hydrocarbon residue distilled after the lighter products have 
been separated from petroleum by distillation up to a tempera¬ 
ture of about 575°F. It is sold by specific gravity expressed 
in degrees Baunie, such as 16-20°, 24-26°, 26-30°, etc. In some 
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cases a cold test is specified such as 0°F. or 15°F. High-grade 
fuel oil is sold as Diesel oil for use in the Diesel type of internal 
combustion engine. Other grades of burner oil are used for 
steam generation, as in the oil-fired power boilers of factories, 
locomotives, steamships, etc. A less common grade is not 
distilled but constitutes the residue after gasoline distillation 
and is called residual fuel oil. 

Paraffin oil is a fraction distilled from the fuel oil fraction 
of petroleum after the wax has been separated by cooling and 
filtration. The yellow to brown oil is usually treated with 
sulfuric acid and with adsorbent earth to give a light-colored 
oil relatively free from impurities. It usually has a flash point 
varying from 320°F. to 360° F. and a viscosity varying from 
60 to 110 seconds Saybolt. It is used for varied purposes such 
as in leather dressing, floor treatment, etc. or, if further refined, 
as a lubricant. 

Putty oil is a petroleum fraction added to putty to serve 
as a lubricant and softener, to avoid its becoming too hard 
after drying of the linseed oil vehicle. A typical oil is of 34°He., 
viscosity about 80 seconds Saybolt at 100° F. 

Lubricating oil is a general class of oil having many sub¬ 
classes. Spindle oil is a very light grade, machine oil a heavier 
class. Cylinder oil is a heavy-duty grade. For lubrication of 
automotive engines, grades of light, medium and heavy arc 
sometimes specified. Other classifications are by SAE values 
according to specifications of the Society of Automotive ICn- 
gineers. Orades from Pennsylvania crude are superior in lubri¬ 
cating value to those distilled from nai)hthenic crudes and are 
usually specially designated. Paraffinic hydrocarbons are also 
separated from naphthenes by solvent extraction, such as by 
nitrobenzene. Such oils are believed to be identical in per¬ 
formance with straight paraffin oils. Some lubricating oils are 
artificially colored with fluorescent dyestuffs. The change in 
viscosity with change in temperature is important and is ob¬ 
tained by calculation from the Saybolt viscosity at 100° F. and 
at 212° F. It is designated as the viscosity index. 

Methods of recovery and refining are numerous. Light 
grades are distilled, heavier grades are recovered from the 
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residue after distilling light fractions. Standard treatment has 
been to chill to remove paraffin, treat with sulfuric acid to re¬ 
move unsaturated bodies, and filter through activated forms 
of mineral earth to clarify and bleach. These methods of 
refining are constantly undergoing modification. 

Systems of quoting grades can only be briefly suggested. 
Lubricating oils are quoted by viscosity, by colors in the Union 
Colorimeter, or color numbers of the American Petroleum 
Institute. They are classed as bright stock, meaning that 
paraffin has been removed by chilling, as neutral oils, by pour 
test, etc. Even a number of pages of classes available could 
hardly cover the varied grades. Uses vary from lubrication of 
sewing machines to that of steam locomotives, from prevent¬ 
ing rusting of small parts to coating machinery for protection 
during storage. 

Transformer oil is a substantially nonvolatile grade of 
mineral distillate carefully freed from water, acids, etc., and 
used as a cooling agent in transformers, for conduction of heat, 
and to improve the insulation characteristics. 

White mineral oil, white oil or liquid paraffin is obtained 
from the fraction of petroleum distilling at 626-734°F. The 
distillate is purified by various methods. A typical procedure 
is treatment with sulfuric acid, washing with water, treatment 
with caustic soda, washing; and hot filtration through activated 
carbon to remove all color. The resulting oil is cooled, sep¬ 
arated from the solid material and redistilled. The fraction 
which distils above 680°F. is the usual white mineral oil. Tech¬ 
nical grades of the domestic product vary in Saybolt viscosity 
from 50 to 90; U.S.P. grades vary in viscosity from 80 to 
345. The Russian oil ranges in viscosity from 75 to 345. 
Quotations usually cover a range of 10 seconds viscosity. White 
mineral oil is mainly used medicinally as a laxative. There 
are however, varied miscellaneous uses to which it is applied. 

Petrolatum or petroleum jelly is obtained by suitable treat¬ 
ment of the residues left in paraffin-base petroleum after other 
fractions have been separated by steam distillation. It is fre¬ 
quently spoken of by a trade name. Vaseline. It consists 
mainly of both saturated and unsaturated hydrocarbons of the 
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paraffin series. Petrolatum forms a jelly-like, oily, semi-solid 
mass whicb melts on gentle warming. Grades sold are mostly 
by color, such as dark, medium and light amber, dark green, 
red, cream white, lily white, snow white. There is also a 
veterinary grade. U.S.P. petrolatum melts at 38-54°C. White 
petrolatum is obtained by bleaching the dark crude product, 
melting and filtering through decolorizing carbon. This pro¬ 
cessing alters other properties. Petrolatum is used medicinally 
as the base of many ointments and has a multitude of other 
miscellaneous uses. 

Lubricating greases are sold of varying consistencies. While 
of petroleum origin the base is usually a fairly light oil thick¬ 
ened with sodium soap or heavy metal soaps such as those of 
calcium, aluminum, etc. The diverse requirements prevent 
adequate classification of the many types and uses. 

Asphalt, asphaltum or gum asphaltum at one time was a 
bituminous material occurring naturally at Pitch Lake on the 
Island of Trinidad, probably produced by the partial oxidation 
and evaporation of petroleum. The term has been broadened 
by use so that it now includes many substances of an asphalt¬ 
like nature. It is obtained as a residue in some methods of 
refining petroleum, and spoken of as petroleum pitch. Besides 
hydrocarbons, some combined sulfur, oxygen and nitrogen 
are present, along with inorganic contamination such as of 
earthy material. Important grades are Barl)adoes or Manjak 
A and AA; California; Cuban A and B; Egyptian; Gilsonitc 
brilliant black, seconds and selects; Maltha; and Mexican. 
Grades used in rubber compounding are known as mineral 
rubber. 

Asphalt comprises so many grades that the uses are diverse. 
It is used for paving without modification. Asphalt is used 
for waterproofing and for roofing, either as a plastic or applied 
in a solvent. Many compounded plastic materials, such as in¬ 
sulating compounds contain asphalt. When diluted to a liquid 
or semisolid with petroleum thinner it is known as cut-back 
asphalt. Emulsified in water with bentonite, soap or other 
emulsifier, it is sold as asphalt emulsion. These emulsions are 
used mainly for road building. Asphalt paints are an im- 
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portant article of commerce both for surface protection and for 
waterproofing. The asphalt is either emulsified in water or 
dissolved in suitable solvents. 

Patty-acid pitch or stearin pitch is a class of products ob¬ 
tained as a by-product residue in the refining of fats and oils, 
in the production of fatty acids, or in refining refuse greases. 
They are in properties largely analagous to complex hydro¬ 
carbons. The fatty-acid pitches available are of very diverse 
origins and are usually named by their source, such as cotton¬ 
seed pitch, linseed pitch, stearin pitch, etc. The products are 
brown to black and contain a relatively high proportion of 
fixed carbon with some colloidal carbon and humins. On 
heating they have an odor of fatty acid. They are largely but 
not completely soluble in petroleum solvents, are of low price 
and compete with asphalts. They are used in the manufacture 
of tarred paper, black paints and varnishes, as an impregnating 
and insulating agent, for filling rubber, as a waterproofing 
agent, etc. 

Wood-tar pitch is a hard, brittle material left as a residue 
from rcdistillation of the tar from the destructive distillation 
of wood. It is of the general nature of hydrocarbons, the active 
chemical materials having been distilled. This grade of pitch 
is partially to completely soluble in benzene and organic 
j)etroleum solvents. Hardwood and pine-tar pitches are sold. 
They are com])etitive with asphalt and are used in making 
dark-colored varnishes, fuel, roofing paper, as a preservative 
coating, in insulation, for calking seams, etc. Pine-tar pitch 
is more sticky in nature than other types of pitch, and is there¬ 
fore used when that property is desired. 

Paraffin or paraffin wax is a hydrocarbon mixture having 
the physical properties of a wax, and is obtained from the 
<listillate from the fuel-oil fraction of petroleum, by chilling 
and filtering. The solid separated in this way is refined by 
pressing out the oil from the first grade or scale wax, and 
decolorizing with activated carbon or earth. The melting 
point is important in various uses to which it is put. Among 
the many grades are the following: Crude white scale melting 
at 122-4® or 124-6®; crude yellow scale melting at 124-6®; 
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seniirefined solid melting* at 124-6° ; fully refined slabs melting 
at 123-5°, 125-7°, 128-30°, 130-32°, 133-5°, 135-7°, 138-40° and 
143-5°, all in Fahrenheit. The price increases with refining and 
particularly with increase in melting point so that 143-5° 
melting-point material costs at least 50 per cent more than 
123-5°. Match paraffin is a low-price grade melting at 105-15° F. 
Paraffin is used both in solid form and as an impregnating 
material, applications including candles, matches, lubricants, 
crayons, waxed paper, waterproofing of wood, insulation, 
phonograph records, floor waxes, and nonreactive coatings. 

Ozokerite consists mostly of solid paraffin hydrocarbons. 
It occurs naturally, the principal deposit being in central Eu¬ 
rope. It is thought to result from the evaporation of petroleum. 
Ozokerite is purified by melting with hot water and separating 
the wax from the earthy material. The crude wax is greenish 
brown to black. It is bleached by melting with activated carbon 
and is sold largely by melting point. The grades are hard 
green, with congealing points of 66-68°C., 70°C. and 74°C.; 
yellow 76-8° C.; and snow-white 76-8° C. All grades of true 
ozokerite are expensive. It is used in candles, paints, electric 
insulation, printing inks, floor polishes, etc., as a rubber filler, 
and for making ceresin. 

Ceresin is a non-crystalline, wax-like product. It is often 
thought that it is obtained by purifying ozokerite by treat¬ 
ment witfi sulfuric acid, followed by washing and neutraliza¬ 
tion. Actually much paraffin and other wax-like material of 
mineral origin is incorporated in commercial ceresin as indi¬ 
cated by the price, which is of the order of one-fourth that of 
crude ozokerite. Bleached ozokerite is sold as such instead 
of as ceresin. Grades of ceresin sold melt at 138-40°F., 150- 
60°F. and over 160°F. It is used much the same as beeswax, 
in shoe polish, floor wax, candles, sizing agents, leather dress¬ 
ing, etc. 

Montan wax is a high-melting wax-like solid composition 
prepared by extraction of bitumen from lignites. Crude montan 
wax is a dark brown material varying in composition, but 
usually containing esters of montanic acid along with a major 
content of hydrocarbons. It can be bleached to a light-colored 
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grade, and is soluble in chloroform, carbon tetrachloride, ben¬ 
zene and many grades of petroleum solvent. The melting point 
is usually about 80-90°C. It is related to the petroleum hydro¬ 
carbons rather than the true waxes, although used as a sub¬ 
stitute for the latter in many of its applications. Montan wax 
is used in making polishes, candles, phonograph records, paper¬ 
sizing compositions, paints, electrical insulating compositions, 
adhesives, etc. 



CHAPTER XIX 


ALCOHOLS 

Alcohols are organic compounds characterized by the pres¬ 
ence of the hydroxyl group. The hydrogen of the hydroxyl 
group may react to form new compounds as in the formation 
of alcoholates or the hydroxyl group may react as a whole as 
in the formation of esters. The organic radical may be very 
simple as in methyl alcohol, or highly complex as in geraniol. 
It may be saturated or unsaturated, straight chain or cyclic. 
If cyclic, the hydroxyl group occurs in the side chain. Aro¬ 
matic compounds which have a hydroxyl group attached to a 
ring carbon atom are phenols. These differ in properties from 
alcohols. An alcohol may contain more than one hydroxyl 
group, such as glycol with two, and glycerol with three. Scien¬ 
tific usage attaches the ''or' ending to indicate that a compound 
is chemically an hydroxyl derivative, although industrial usage 
frequently ignores this, as in using the term “glycerine” instead 
of “glycerol”. 

The most common alcohol, ethyl alcohol, is next in im¬ 
portance to water as a solvent and may be said to occupy the 
same position in organic chemistry as water does in inorganic 
chemistry. When only alcohol is specified ethyl alcohol is 
meant. The subject is complicated by the fact that the same 
compound may be an alcohol and an acid, or an ether and an 
alcohol, or may contain even more complex combinations. In 
classifying these mixed types of compounds, they have been 
placed according to the chemical property which appears most 
important in the major use of the material. 

The carbinol type of nomenclature is based on representing 
alcohols as substituted methyl alcohols. Thus methyl alcohol 
is carbinol, CH3OH, methyl carbinol is CH^CHoOH, one hydro¬ 
gen being replaced by CH3. Similarly, dimethyl carbinol is 
(CH 3 ) 2 CH 0 H, trimethyl carbinol (CH 3 ) 3 COH, and methyl 
propyl carbinol (CH3)(C3H7)CHOH. 
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Methyl alcohol, methanol, wood alcohol or wood spirit, 

CH3OH, is the simplest possible representative of the alcohol 
class, and is miscible with water, alcohol or ether. It is a color¬ 
less, limpid liquid. A characteristic odor usually associated 
with it is largely due to impurities, and modified but not 
eliminated when the alcohol is pure. The historic method of 
manufacture perpetuated in the name wood spirit, is by de¬ 
structive distillation of wood. The distillate also contains 
acetic acid, acetone and methyl acetate. After neutralizing 
the organic acids with lime, the liquid is again distilled, dried 
by treatment with calcium chloride and fractionally redistilled 
to separate other volatile substances present. The major mod¬ 
ern method of preparation is from carbon monoxide by reaction 
with hydrogen under pressure in the presence of a catalyst, 
said to be composed of zinc oxide and chromic acid. Higher 
alcohols and water are produced at the same time but methyl 
alcohol can be separated from these by fractional distillation. 

Grades sold are natural crude; denaturing grade; pure, 
natural or synthetic; 97 per cent, natural or synthetic; and 
95 per cent, natural or synthetic. The pure is normally guar¬ 
anteed to be over 99.5 per cent. The balance in all cases is 
largely water. A definite trend to the use of the term methanol 
rather than methyl alcohol or wood alcohol is encouraged in 
the trade, to avoid confusion with alcohol, meaning ethyl al¬ 
cohol. Because of its poisonous nature, methanol is a major 
denaturant for ethyl alcohol to render it nonpotable and there¬ 
fore tax-free. Methyl alcohol is more expensive than tax-free 
ethyl alcohol but does not have the government restrictions 
that hamper the user of the latter. Therefore it is frequently 
substituted as a solvent where possible. It is a raw material 
for the manufacture of formaldehyde and many synthetic or¬ 
ganic chemicals. A minor use is as a fuel. Another important 
application is as a radiator anti-freeze, where it replaces a 
greater weight of ethyl alcohol required for an equivalent 
lowering of the freezing point. 

Ethyl alcohol, alcohol or ethanol, CoHr.OH, is a clear color¬ 
less liquid of characteristic odor when pure, miscible with 
water and ether. Commercially it is produced in enormous 
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quantities from molasses, a by-product of the su^ar industry. 
This is fermented with yeast, and is classed as molasses alcohol, 
from its source. Alcohol is also produced by fermentation of 
starch from grain, and called grain alcohol. This term is 
sometimes incorrectly used as a synonym for ethyl alcohol, 
regardless of source. The fermentation yields as a by-product 
a spent mash which is high in proteins, containing nearly all 
of the protein of the original grain. In the process the starch 
is first hydrolyzed to sugars by the yeast, and these are acted 
on by another ferment of the yeast to form alcohol and carbon 
dioxide. Therefore the industry is a major source of supply 
of the by-product, carbon dioxide. Alcohol has been produced 
by hydrolysis of wood cellulose with acid to form sugars, which 
are then fermented. Synthetic ethyl alcohol has also been pro¬ 
duced by the catalytic union of ethylene and water. In all cases 
it is purified by fractional distillation, sometimes also by treat¬ 
ment with activated carbon. Distillation through an efficient 
fractionating column yields a constant-boiling mixture with 
water, containing 95 per cent of alcohol and 5 per cent of water 
by volume. This may be refined to absolute alcohol by adding 
benzene and distilling, a ternary benzene-alcohol-water com¬ 
pound being separated in the distillation. Grading is on a basis 
of the proof gallon which contains 50 per cent of water and 50 
per cent of alcohol by volume. Thus absolute alcohol or an¬ 
hydrous alcohol is 200 proof, or 100 per cent pure ethyl alcohol. 

Alcohol is quoted as 190 proof, and absolute, with the addi¬ 
tional designation as from grain, from molasses or synthetic. 
This designation of the source is not because of distinguishable 
differences in the product, although salesmen for alcohol some¬ 
times contend that such differences are detectalde, but because 
of government restrictions. The U.S.P. grades for these con¬ 
centrations correspond to not less than 94.9 per cent by volume 
at 15.5° C. for the ordinary grade, and not less than 99 per cent 
by weight for the absolute. Grain alcohol commands a pre¬ 
mium and the law requires that it be used in manufacture of 
potable beverages. The use of alcohol is hedged about with 
many governmental restrictions as to permits. While inher¬ 
ently not a very expensive material, when not denatured, 
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ethyl alcohol is subject to a tax which is often 90 per cent of 
the selling price, which makes it expensive. 

Tax-paid alcohol is used in making flavoring extracts, which 
are usually alcoholic solutions of essential oils or other flavor¬ 
ing ingredients. It is used in perfumes and in many medicines. 
The term tincture is used to differentiate an alcoholic extract 
for medical use from solutions in other solvents. Other impor¬ 
tant uses are in organic synthesis, for the manufacture of 
celluloid and other plastics, in antiseptics and disinfectants, as 
a solvent for gums, particularly shellac, and in general as the 
solvent for organic substances, much as water is a solvent for 
inorganic substances. Automobile-radiator antifreeze use con¬ 
sumes large volumes. Its use as a blend with gasoline as a 
motor fuel has made substantial progress in Europe and to a 
lesser extent in the United States. The anhydrous grade is 
necessary for this, and butyl alcohol must be added as a mutual 
scdvent to prevent separation into layers in the presence of a 
small amount of water. 

Nearly all alcoholic beverages are alcoholic solutions hav¬ 
ing characteristic tastes and aromas because the purification 
by distillation has intentionally not been complete. They are 
listed briefly because they are commercial forms of tax-paid 
alcohol. They are described without the detail of the legal 
definitions. 

Whiskey is the alcohol at 85-100 proof, distilled from a fer¬ 
mented grain mash. Rye whiskey means that rye predomi¬ 
nated in the mash, corn whiskey or bourbon whiskey that corn 
predominated. Scotch whiskey and Irish whiskey take their 
names from characteristic odors derived from peat smoke in 
preparation rather than from the raw materials. Rum is simi¬ 
larly produced from fermented molasses, at 85-100 proof. Wine 
is fermented grape juice, brandy the alcohol distilled from 
wine to a concentration of 90-100 proof. Wine will contain 
only 12-16 per cent of alcohol from fermentation, but sherry, 
port and tokay wines are fortified to 20-22 per cent, and oc¬ 
casionally even to 28 per cent with brandy or grain alcohol. 
Beer is a malt beverage containing 3.5-7 per cent of alcohol, 
to which the hops and processing give characteristic flavors. 
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Liqueurs of varied names are flavored syrups fortified with 
alcohol. Gin is made from alcohol by distillation through a 
mixture of herbs and berries in which juniper, coriander, etc., 
predominate, adjusted to 85-100 proof. Gin and the liqueurs 
are the only beverages made directly from alcohol, the others 
being unrefined or only partially refined alcohol. 

Completely denatured alcohol is that to which materials 
have been added to make it objectionable as to odor and taste 
and therefore nonpotable. As an incidental factor it is made 
poisonous because that is the nature of the denaturants used. 
It is tax-free and no permit for its use is required. 

Completely denatured alcohol has been prepared in the 
past with gasoline, wood alcohol, pyridine, etc. Formulas are 
changed rather frequently. The following are typical: Formula 
CDll contains 3 gallons of Pontol K, 1 gallon of aviation gaso¬ 
line, 0.5 gallon of Agdite or 1 gallon of Hydronol and 3 gallons 
of a preparation designated as ST115, per 100 gallons of alcohol. 
The denaturants added to CD12 are similar with an increase 
of Pontol K to 4 gallons and replacement of STl 15 by 2 gallons 
of methyl isobutyl ketone. Formula CD13 differs from CDll 
in increase of STl 15 to 4 gallons and replacement of Pontol K 
by 2 gallons of methyl isobutyl ketone. The composition of 
the named denaturants is not generally known. Completely 
denatured alcohol is widely used as a solvent, as anti-freeze 
for automobile radiators, as a cleaning agent for metals in 
industrial plants, as a fuel, in cements, paint- and varnish 
removers, in spirit varnishes and in other products where no 
physiological application is possible. Completely denatured 
alcohol should not be used as a rubbing alcohol. For that 
purpose special denatured formula 23G is used with additions 
made by the bottler. 

Special solvent-alcohol is a completely denatured and there¬ 
fore tax-free grade. No permit is required. It may not be 
used for anti-freeze purposes. It is anhydrous and a typical 
formula contains 5 gallons of Tecsol, 2.5 gallons of Pontol K, 
2.5 gallons of isopropyl alcohol and 0.5 gallon of aviation gaso¬ 
line per 100 gallons of absolute alcohol. As the name indicates, 
it is used largely as a solvent for lacquer, resins, etc. 
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specially denatured alcohol is permitted for use where 
completely denatured alcohol will not serve the purpose and 
where it is not intended for food, medicinal or beverage pur¬ 
poses. The denaturant added therefore depends on the appli¬ 
cation or the industry in which the alcohol is used. To obtain 
such alcohol it is necessary to have a permit, and if a substan¬ 
tial amount is required, to file a bond. Specially denatured 
alcohol is tax-free. It is sold as 190 proof and anhydrous. The 
following are examples of denaturants added to suit industrial 
applications for which large volumes are quoted. Formula 
SDl contains 5 gallons of approved wood alcohol in 100 gallons 
of ethyl alcohol. Formula SD23G contains 10 gallons of U.S.P. 
acetone and 4.25 ounces of sucrose octoacetate in 100 gallons 
of ethyl alcohol. Special denatured alcohol formulas are num¬ 
bered to 47, with some having as many as seven subformulas 
indicated by letter designation. Where alcohol is required for 
chemical purposes, a special denatured formula is ordinarily 
used. Formula SDl is authorized for over 200 different uses, 
such as the manufacture of acetaldehyde and ether, making 
textile soaps, etc. 

Propyl alcohol, C3H7OH, is the next member of the family 
above ethyl alcohol. Normal propyl alcohol is a straight-chain 
compound and is not available in quantity. The usual com¬ 
mercial product is isopropyl alcohol or isopropanol, (CH3)2 
CHOH, a colorless licjuid having less odor than ethyl alcohol 
and of slightly higher boiling point. It mixes with water, 
alcohol and ether. The major source is by synthesis from 
natural gas, or from cracking gases from the oil industry, pro¬ 
pylene being first obtained, this dissolved in sulfuric acid and 
the resulting unstable propyl hydrogen sulfate hydrolyzed with 
water. Acetone can be reduced by hydrogen at 120'' C. with 
a nickel catalyst to give isoj^ropyl alcohol. Various grades 
are denaturing, refined 91 per cent, refined 98 per cent, technical 
91 per cent and technical 98 per cent. The balance in each 
case is largely water, the 91 per cent grade being a constant 
boiling mixture with 9 per cent of water. Isopropyl alcohol is 
used as a substitute for ethyl alcohol in many solvent appli¬ 
cations to avoid the restrictions pf alcohol permits, but cannot 
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be so used in food products. Isopropyl alcohol is also used 
to form esters and other organic derivatives. It is only slightly 
more expensive than completely denatured alcohol. 

Butyl alcohol, C4H0OH, has several structures. Normal 
butyl alcohol, CH 3 (CH 2 ) 2 CH 20 H, is a colorless liquid with a 
characteristic odor, moderately soluble in water and miscible 
with alcohol or ether. It is obtained when starch and sugars 
are fermented with a special bacillus, acetone being formed 
at the same time. It is also produced synthetically. Butyl 
alcohol is used as a solvent for resins and varnish gums, in 
the manufacture of lacquers, cleaning solutions, photographic 
films, plastics, and varnish removers. It is used for manufac¬ 
ture of esters and other derivatives. Secondary butyl alcohol, 
Cll 3 CH 2 CH(OH )CH 3 , is similar in solubility and other proper¬ 
ties to normal butyl alcohol. It is prepared by the reduction 
of methylethyl ketone or by the reaction of normal butylene 
and sulfuric acid to form butyl hydrogen sulfate followed by 
hydrolysis to secondary butyl alcohol. Uses are as a solvent 
and in the manufacture of esters and other derivatives. Iso¬ 
butyl alcohol, (CH 3 ) 2 CHCH 20 H, is also similar in properties 
and uses. It is obtained by the fractional distillation of fusel 
oil, purified by rectification, and sold as a refined grade. Ter¬ 
tiary butyl alcohol, (CH 3 ) 3 C 0 H, is another but more expen¬ 
sive member of this group. 

Amyl alcohol, CnHuOH, has many isomers. Either a 
natural mixture recovered from fusel oil or a synthetic mixture 
is sold under that name, the synthetic product being made by 
reaction of amylene with sulfuric acid to form amyl hydrogen 
sulfate, followed by hydrolysis. The natural mixture is a 
clear, colorless liquid of characteristic odor, distilling over a 
range of about 30® C. The sy|ithetic mixture distils over a 
narrower range, about 20® C. Amyl alcohol is moderately 
soluble in water and mixes with alcohol or ether. It forms a 
constant-boiling mixture with water. Its uses are mainly in 
lacquers and for organic synthesis. Some is used as an anti¬ 
foaming agent. The mixture is the major amyl alcohol avail¬ 
able. A refined grade distills over a range of about 6® C. and 



AI.COllOLS 


201 


contains about 85 per cent of isoamyl alcohol, the balance being: 
other isomers. 

Isoamyl alcohol, (CH 3 ) 2 CHCH 2 CHoOH, is isolated from 
mixed amyl alcohols and used mainly for organic synthesis. 
Normal amyl alcohol or normal butyl carbinol, CH 3 (CH 2 ) 40 H, 
is also available as a synthetic product. It distills over a much 
closer range than the mixture, but is used for similar purposes. 
Secondary amyl alcohol, CH 3 (CH 2 ) 2 CH(OH)CH 3 , and ter¬ 
tiary amyl alcohol, (CH 3 ) 2 (C 2 Hr>)COH, are also synthetic 
products of similar nature. These are sold at prices which 
permit their use as solvents. Others are available in purified 
form at prices which preclude their use other than for synthetic 
purposes. Some duplicate those already listed as solvents but 
differ in quality. The important ones are normal amyl alcohol 
or normal butyl carbinol, CH 3 (CH 2 ) 40 H, secondary amyl al¬ 
cohol or secondary butyl carbinol, CH 3 (CH 2 ) 2 CH(OH)CH 3 , 
diethyl carbinol, (C2Hr,)2CHOH, isoamyl alcohol or isobutyl 
carbinol, (CH3)2CHCH2CH20H, methyl propyl carbinol, 
(CH 3 )(C 3 H 7 )CH 0 H, and dimethyl ethyl carbinol, (CH 3)2 
(CsHrOCIIOH. 

Fusel oil is present as an undesirable product in the alcoholic 
liquors produced by the fermentation of potato, corn and other 
carbohydrate mashes, and is separated as a by-product. It 
contains principally isoam>l alcohol, with varying amounts of 
other amyl alcohols except the normal one, other alcohols 
such as butyl and hexyl alcohols, and small amounts of fatty 
acids. The volatile oily liquid has a disagreeable odor. It is 
purified by distillation, and a refined grade is sold. Fusel oil 
is used for fractionation to isolate amyl compounds, as a sol cent 
for oils, waxes and resins, and to a limited extent in lacquers. 

Amyl mercaptan, amyl hydrosulfide or amyl sulfhydrate, 
Cr.HiiSH, is structurally a thioalcohol, one in which oxygen 
has been replaced by sulfur. It is a colorless liquid, insoluble 
in water but miscible with alcohol or ether. It is prepared by 
the reaction of amyl iodide, CrJIiJ, with potassium hydro¬ 
sulfide, KSH. The commercial product is a mixture of isomers 
in which isoamyl mercaptan predominates. The presence of 
the sulfur atom gives the compound a very disagreeable odor. 
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It is used as an intermediate in organic synthesis, as a flota¬ 
tion reagent, to give an obnoxious odor in stench bombs and is 
introduced into gas to permit ready detection of leaks. 

Secondary hexyl alcohol, CH3(CH2)3CH(OH)CHa, is al¬ 
most insoluble in water but miscible in all proportions with 
alcohol or ether. It is a colorless, oily liquid of pleasant odor 
when pure. Hexyl alcohol is recovered from fusel oil as a 
relatively inexpensive and nonvolatile solvent, and produced 
synthetically. Some is used for organic synthesis. An isomeric 
hexyl alcohol which is structurally 2-ethyl butyl alcohol, 
CH 3 CH(CoH.-i)CH 2 CH 20 H, is similar in properties and uses. 

Octyl alcohol, octylic alcohol, capryl alcohol, caprylic al¬ 
cohol or C:8 alcohol, CH 3 (CHo) 3 CH(OH)CH 3 , is a secondary 
alcohol, a colorless, oily liquid. The odor is aromatic, with 
a rose tone, but tends to be waxy. It is soluble in water, 
miscible with alcohol or ether and is obtained by distilling 
castor oil with an excess of alkali, such as lime or caustic soda. 
It is also produced by reduction of the fatty acids derived from 
coconut oil. Pure and technical grades are sold. It is ex¬ 
pensive and used in rose and jasmine perfumes, in organic 
synthesis, and as an antifoaming agent. Lower grades find 
a limited solvent use. 

Higher alcohols than octyl, usually quite expensive, are 
derived from various sources, largely by reduction of the cor¬ 
responding'fatty acids, and used in perfumes. They are often 
named by their number of carbon atoms instead of by chemical 
names. This has no significance as to whether a straight-chain 
or branched-chain structure is present and may lead to the 
same term applying to structural isomers. Nonylic alcohol, 
nonyl alcohol, or C-9 alcohol, C9H19OH, is a colorless to light 
yellow liquid, soluble in water, miscible with alcohol or ether 
and used in orange and tuberose odors. The odor of the alcohol 
is rose-like. Decylic alcohol, decyl alcohol, or C-10 alcohol, 
C 10 H 21 OH, is a colorless to light yellow liquid, soluble in 
alcohol or ether. It is used in orange, neroli and violet odors. 
Undecylic alcohol, undecyl alcohol, or C-11 alcohol, 
C 11 H 23 OH, is similar but used for rose and lily odors. Lauryl 
alcohol, lauric alcohol or C-12 alcohol, Cx^HosOH, is used for 
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tuberose odors. Cetyl alcohol, CH3(CH2)i4CH20H, is a waxy 
white to yellow solid, soluble in alcohol, chloroform or ether. 
It is obtained by saponification of spermaceti, and when pure 
has a rose-like odor. It is also obtainable by catalytic reduc¬ 
tion of the corresponding fatty acid. V^aried grades are sold, 
domestic C.P., domestic commercial, imported 85 per cent, 
and imported commercial. It is used in skin preparations, as 
a fixative in perfumes, for production of synthetic organic 
chemicals and for sulfation to give alkyl sulfates, used as 
detergents. The price varies with the grade, corresponding 
to the purpose for which the material is suitable. 

Diacetone alcohol or 4-hydroxy-2-keto-4-dimethyl pentane, 
CH 3 C 0 CHoC(CH 3 ) 20 H, is a colorless liquid miscible with 
water, alcohol or ether. It is both a ketone and an alcohol, 
prepared synthetically. Diacetone alcohol is sold as pure, and 
as a technical grade which contains some acetone. It is a 
solvent for lacquers, plastics and resins, available at a price 
permitting its use as a solvent. 

Ethylene glycol, (CFDOH)^, is miscible with water or 
alcohol and is prepared by heating ethylene dichloride or 
ethylene chlorohydrin with a suitable alkaline solution under 
pressure. It is the simplest polyhydric alcohol. The colorless 
syrupy liquid is hygroscopic. It is used as an antifreeze solu¬ 
tion in automobile radiators, as a coolant in airplane engines, 
in the manufacture of explosives and for a great variety of 
purposes to replace glycerine in nonfood uses. For example, 
some brands of cigarettes use it or its derivatives as the hygro¬ 
scopic agent in place of glycerine: it is quite widely used in 
cosmetics. The manufacture from it of glycol dinitrate, 
(CH 2 N 02 ) 2 , as a substitute for nitroglycerine, replaces the 
by-product glycerine as a raw material with a synthetic product 
available in any reasonable amount. 

Propylene glycol, CH3(CH20H)2, is closely related to 
ethylene glycol in preparation, properties and uses. 

Diethylene glycol, CH 2 OHCH 2 OCH 2 CH 2 OH, is a color¬ 
less, syrupy, liquid, miscible with water and alcohol, and very 
hygroscopic. It is structurally an ether as well as an alcohol. 
The production is probably as a by-product in the manufacture 
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of ethylene glycol, although it can he synthesized as a primary 
product. It is used as a solvent for nitrocellulose and gums, 
as a moistening and softening agent for glue, parchment paper, 
etc., ill the printing of textiles, and in the manufacture of 
explosives. In these uses it largely replaces glycerine. 

Triethylene glycol, CH20H(CHi.0CHi;)2CH20H, is a color¬ 
less, hygroscopic liquid which is both an ether and an alcohol. 
It is soluble in water but immiscible with organic hydrocarbons. 
Commercially it is probably from by-product sources, and is 
usually contaminated with homologues. Uses are as a solvent 
for nitrocellulose and gums and as a plasticizer in varied appli¬ 
cations. Derivatives have similar uses. 

Ethylene chlorohydrin, CH 2 CICH 2 OH, is both an alcohol 
and a halogen derivative, the stage intermediate between 
ethylene dichloride and ethylene glycol. It is produced by 
the reaction of ethylene and hydrogen chloride gas. The color¬ 
less li(|uid is miscible with water and is sold as a 40 per cent 
aqueous solution, which is close to the composition of its 
constant-boiling mixture with water. The anhydrous material 
is also available. Uses are largely in synthetic organic 
chemistry. 

Glycerol or glycerine, C;iHr,(OH) 3 , is a trihydric alcohol 
present in fats and fatty oils, where it is esterified with the 
higher aliphatic acids. It is a viscous liquid colorless when 
pure, miscible with water or alcohol, and is very hygrosccquc. 
Glycerine is obtained from fats and saponifiable oils by hydrol¬ 
ysis. Soa])-lye contains a high proportion of water, the salt 
w'ith which the soap was salted out, impurities separated from 
the raw' materials used in soap manufacture, residual lye and 
3-5 per cent of glycerine. A higher concentration of glycerine 
is obtained when fats are split to give fatty acids by means 
of the Twitched reagent. Crude glycerine is obtained from 
these by precipitating soap and other impurities with lime 
and concentrating to about 80 per cent glycerine. Refined 
glycerine is obtained by distillation. A 95 per cent glycerine 
free from solids is prepared by distillation under reduced 
pressure with superheated steam. The colorless product is 
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obtained ])y treatment with charcoal to remove yellow color¬ 
ing matter. 

(Glycerine which contains no impurity but moisture, is 
])re])are(l by redistillation and treatment with activated carbon 
to give a C.P. grade. The U.S.P. grade is colorless and contains 
not less than 95 per cent of glycerine. Other grades sold are 
dynamite; saponification, basis 88 per cent; soap-lye, basis 
80 per cent; and yellow distilled. Various grades are used in 
printer’s inks, plastic clays, polishes, as an antifreeze when the 
price permits, in making nitroglycerine which absorbed in a 
carrier is dynamite, as a textile softener and solvent for textile 
chemicals, as a lubricant, in plastics, paper, ink, leather, etc., 
as a softener, in cosmetics, as a solvent for drugs and essential 
oils, as a moistening and flavoring agent in tobacco, as a pre¬ 
servative for foodstuffs, and in many similar ways. Because 
of its derivation as a relatively minor by-product the price is 
sid)ject to wide fluctuation and substitutes of more stable price 
tend to be preferred by manufacturers. 

Mannitol or mannite, C(;Hh(OII )<;, is a hexahydroxy alcohol 
extracted from manna. The sweetness is comparable to that 
of sugar. It is expensive and use is limited to replacement of 
sugar in diets for diabetics and to requirements as a laboratory 
reagent. 

Sorbitol or sorbit, CgHsCOH)^, is an hexahydroxy alcohol, 
very soluble in water or alcohol and isomeric with mannitol 
and dulcitol. It was originally obtained from the fruit of a 
inounlain ash but is now produced by the electrolytic reduction 
of glucose in solution. While a crystalline substance, the 
commercial form is as a solution containing about 15 per cent 
of water. Quotations arc on the basis of the anhydrous sorbitol 
present. Jt is used as a plasticizer to replace glycerine where 
the larger molecular weight ofTers technical or practical ad¬ 
vantages. 

Borneol, bornyl alcohol or Borneo camphor, CioHkOH, 
is soluble in alcohol or ether and slightly soluble in water. It 
is found in solid masses in a tree native to Sumatra and Borneo 
and also occurs mixed with an essential oil in an Asiatic woody 
herb. These two forms are optically active, the first being 
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dextro and the second tlie levo form. Borneol is a secondary 
alcohol closely resembling camphor and can be obtained from 
it by reduction. The white translucent lumps have a camphor¬ 
like odor and are used in medicine, perfumery, in making 
celluloid, and for the synthetic production of camphor. 

Linalool, CioHnOH, is an unsaturated tertiary alcohol 
found in a number of essential oils such as those from bois 
de rose, linaloa, lavender, coriander, and bergamot. It is a 
colorless liquid very slightly soluble in water but very soluble 
in alcohol and miscible with ether. Linalool has an odor 
similar to that of bergamot oil. It is used in lotions, hair 
preparations, soaps, etc., and in lily, lilac, jasmine, neroli, 
honeysuckle and gardenia perfume odors. Nerol is an isomeric 
alcohol used in orange-blossom and rose odors. 

Geraniol, C 10 H 17 OH, is an unsaturated aliphatic alcohol 
of the terpene series obtained from oil of rose, geranium oil, 
palmarosa oil, lemon-grass oil, and citronella by forming the 
double compound with calcium chloride. It is isomeric with 
linalool, and is miscible with ether and soluble in alcohol. The 
pale yellow to colorless oil is sold in both imported and do¬ 
mestic grades. The imported is much more expensive. It has 
an odor resembling that of rose or geranium, and is used in 
low-price perfumes and as an odorant for soaps. Some grades 
contain nearly 90 per cent of alcohols, with some esters and 
aldehydes. 

Eucalyptol, cineol or cajeputol, CioHnOH, is a colorless oil 
having an odor resembling that of camphor. It is very slightly 
soluble in water and soluble in alcohol, ether or oils. Eucalv])- 
tol is obtained by the fractional distillation of eucalyptus oil. 
The U.S.P. product is used in medicine. Lavender and pine 
odors often contain eucalyptol, and it is sometimes used as a 
flavor in dental preparations. 

Terpine hydrate, CfiH 8 (OH) 2 (CH 3 )(CaH 7 ), is a dipentene 
glycol, a colorless, crystalline compound formed by the slow 
reaction of dilute nitric acid, alcohol and oil of turpentine. A 
U.S.P. grade is sold, melting at 115-17® C\ It is used for mak¬ 
ing terpineol and in medicine. 
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Terpineol or lilacine, C 10 H 17 OH, is a colorless liquid con¬ 
taining a mixture of isomeric compounds produced by reaction 
of terpine hydrate with phosphoric acid. It has a lilac odor 
and also occurs in a number of essential oils. Terpineol is 
slightly soluble in water but very soluble in alcohol or ether. 
A C.P. grade is sold for use in perfume. A crude grade known 
as alpha-tevpineol or as a denaturing grade of terpineol, is much 
less expensive and is used for denaturing alcohol. It has been 
used for denaturing oils and fats for soap manufacture. 

Menthol, CioHioOH, is a white crystalline alcohol soluble 
in alcohol, ether or chloroform. It is frozen out of peppermint 
oil and has the penetrating odor and cooling taste of pepper¬ 
mint. Synthetic menthol is derived from menthane. The 
U.S.P. grade of natural or synthetic menthol is quoted, melting 
at 41-3° C. A technical synthetic grade and a liquid quality 
are also available. Menthol is used in medicine, in confec¬ 
tionery, in perfumes and in cosmetics. 

Citronellol, CioHioOH, is an unsaturated alcohol of the 
terpene series commonly obtained from oil of citronella but 
also present in other similar oils. The oily liquid is miscible 
with alcohol or ether. It is used in perfume for its sweet, 
rosc-like odor. For the best results, freedom from geraniol 
is desirable. 

Rhodinol or reuniol, is prepared by the fractional distilla¬ 
tion of geranium oil and contains about 2 parts of citronellol 
and 1 part of geraniol. It is an oily liquid, nearly colorless, 
and solidifies on cooling. Uses are mainly in perfumes to 
replace oil of rose, and as an alcohol for rhodinol esters. Rela¬ 
tively inexpensive and very fine grades are available. 

Furfuryl alcohol, C4Ha0CH20H, is a colorless syrupy 
liquid which darkens on exposure to air and light. It is miscible 
with water and very soluble in alcohol or ether. This alcohol 
is obtained by the reduction of furfural, produced by the 
hydrolysis of oat hulls or corn cobs. The alcohol is a solvent 
in special lacquers and can be converted into resinoids. It is 
stated to react explosively with concentrated mineral acids. 

Benzyl alcohol, C0H5CH2OH, is a colorless liquid with a 
faintly aromatic odor, moderately soluble in water, very 
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soluble in alcohol, and miscible with ether. It is the simplest 
alcohol of the aromatic series. Benzyl alcohol is prepared by 
the hydrolysis of benzyl chloride or benzyl acetate, or by 
simultaneous oxidation and reduction of benzaldchyde in the 
presence of alkali to benzyl alcohol and benzoic acid. Benzyl 
alcohol is expensive and use is limited to perfumes, flavors 
and synthetic purposes. It is a good solvent for musk and 
also serves as a fixative. 

Phenyl ethyl alcohol, CoH.-iC 2 ll 40 H, is the next derivative 
to benzyl alcohol in the aromatic series of alcohols. It is a 
colorless, viscous liquid, slightly soluble in water and miscible 
with alcohol or ether. This alcohol has a faint rose odor and 
is produced synthetically for use in perfumes. ])articularly rose, 
lilac, neroli and jasmine. Phenylpropyl alcohol or hydro- 
cinnamic alcohol, C«Hr,C;iHoOH, is related in odor but tends 
toward lilac, hyacinth or wisteria. 

Cinnamic alcohol, CoHr.CH iCHCHoOH, is a yellowish oil 
with a cinnamon odor tending toward hyacinth, miscii)le with 
alcohol, ether or chloroform. It is obtained from oil of cassia 
or oil of cinnamon, or is produced by distilling the ])roduct 
of the reaction between styracin and potassium hydroxide. 
Another grade is produced from storax in which it occurs 
naturally. It is used in flavors, as a fixative in hyacinth, lilac, 
lily, rose and similar perfumes and as a soap odorant. 



CHAPTER XX 


PHENOLS AND THEIR DERIVATIVES 

Alcohols arc only one type of organic hydroxy compound. 
When a hydroxyl ^roup is attached to an unsaturated ring- 
carbon of an aromatic compound the properties are radically 
changed and the compounds are called phenols. This is 
illustrated by benzyl alcohol as compared with the simplest 
of the phenols. 


CH2OH OH 



Benzyl alcohol Phenol 


Hecause of the use of phenols in disinfectants, several defi¬ 
nitions need to be considered at this point. A germicide is 
anything which will destroy germs, and is usually applied to 
killing disease germs. In practice this means ordinary germs, 
particularly Staphylococcus aureus and EbcrtJiclla typhi. A germi¬ 
cide often is not eiYective against spore-forming bacteria 
such as those of anthrax or tetanus, which are particularly 
resistant. A bactericide is synonymous with a germicide, and 
either one is said to have bactericidal properties. An anti¬ 
septic ])revents ])utrefaction or decay—prevents tlie growth 
of microorganisms but does not necessarily kill them. The 
term is usually aj^plied to materials used on living tissue and 
they are said to be bacteriostatic in their properties. Disin¬ 
fectant means ability to kill germs, to free from infection, and 
is substantially identical with germicide. To sterilize is a 
more modern term than to disinfect, and means to free from 
germs of all kinds. A deodorant has no direct relation to germs 
or bacteria, as it relates only to destroying or masking an odor. 
It may be indirectly related, as it may prevent putrefaction. 
An insecticide kills insects, generally specified types. 
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Phenols are acidic in nature. They dissolve in aqueous 
alkalies as alkali salts, which are not usually stable as solid 
compounds. They do not form the type of esters with acids 
that alcohols do. While they are hydroxy compounds they 
are sometimes incorrectly described as “oxy” compounds. This 
confusion arises from the German literature, where ‘'oxy’' is 
used for both O and OH radicals. Some names used here are 
chemically incorrect but necessarily retained because of wide 
commercial usage. Not all phenols are included in this chap¬ 
ter, as mixed compounds in which the other radical is of greater 
importance will be found elsewhere, for example, /?jra-amino- 
phenol is given with the amino compounds. Cresols are often 
present in commercial phenolic preparations, and are usually 
classed with phenol because of their similarity in properties. 
Other phenolic derivatives are often classed as phenols. The 
term is both general and specific. 

Phenol or carbolic acid, C 0 H 5 OH, is a crystalline compound 
which is very soluble in cold water and miscible with hot 
water, alcohol or ether. In pure form it is white, but impuri¬ 
ties usually color it pink to red. It is deliquescent and may 
take up enough water from the air to become liquefied. Phenol 
is obtained from the middle-oil fraction of coal tar by extrac¬ 
tion with caustic soda, followed by neutralization with mineral 
acid or carbon dioxide, and distillation. Requirements have 
expanded in the past few decades so that such a supply is 
totally inadequate. A synthetic source is the sulfonation of 
benzene to form benzene sulfonic acid, followed by fusion with 
caustic soda. Reaction of chlorobenzene with caustic soda 
under pressure furnishes the major supply. The usual grade 
is U.S.P., which means not less than 98 per cent pure. U.S.P. 
liquefied phenol contains not less than 88 per cent of phenol 
and about 10 per cent of water. Phenol is a powerful anti¬ 
septic but is corrosive to tissue. This limits its antiseptic use 
largely to applications where it will not contact the skin in 
any substantial concentration. It is a major ingredient of 
the phenol-formaldehyde plastics, and is an important raw 
material for organic synthesis. It comes under the Caustic 
Poison Act, which is given in Appendix A. 
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Cyclohexanol or hexalin, (CH 2 )sCHOH, is a colorless, 
hygroscopic liquid having a camphor-like odor, prepared by 
reducing phenol with hydrogen in the presence of a catalyst. 
It is occasionally called hexalene. Its properties are closer 
to those of an alcohol than of a phenol. Hexalin is moderately 
soluble in water and soluble in alcohol or ether. It is used as 
a solvent for rubber, cellulose esters, phenols, etc., in products 
where a relatively expensive and nonvolatile solvent is suitable, 
and is also used as a solvent in detergents. The corresponding 
methylcyclohexanol, H 3 CCH(CH 2 ) 4 CHOH, is from reduction 
of a mixture of o- and />-cresols, and is similarly used where a 
higher-boiling solvent is desired. 

Chlorophenol, C 1 C«H 40 H, exists as three isomers of which 
two are important. OrZ/iD-chlorophenol or o-chlorophenol, is 
a colorless to yellow or brown liquid having an unpleasant 
odor, soluble in water or alcohol. It is prepared along with 
the para isomer by direct chlorination of phenol or by treat¬ 
ment with sulfur oxychloride, SOoClo, and separated by frac¬ 
tional distillation. The ortJio compound is an antiseptic but 
is mainly used as an intermediate in organic synthesis. Para- 
chlorophenol or /J-chlorophenol is a white crystalline material 
having an unpleasant odor. It is extremely soluble in benzol, 
very soluble in alcohol and soluble in water. The para isomer 
is separated from the ortho isomer, or prepared from para-nitvo- 
phenol by replacement of the nitro group with chlorine. Its 
uses are similar to those of the ortho compound, il/c/a-chloro- 
phenol cannot be prepared by direct chlorination and is 
unimportant. 

Cresol or methylphenol, CHhCcH 40 H, may be any one of 
three isomeric compounds, or a mixture. The meta compound 
is a colorless liquid; the ortho and para compounds are crystal¬ 
line. All are moderately soluble in water, miscible with alcohol 
or ether and have a phenolic odor. To meet U.S.P. require¬ 
ments for cresol, not less than 90 per cent must distill between 
195° and 205° C. This grade is sold. Mixed cresols, obtained 
in dark impure form from coal tar, are known as cresylic 
acid. Or//io-cresol is also prepared from or//m-chlorotoluene 
by autoclaving with caustic soda solution, a process similar to 
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phenol manufacture. Meta-cresol and para-cresol are rela¬ 
tively of lesser importance. Cresylic acid is an important 
disinfectant but attacks the skin. Crude forms are used in 
cattle dips, so-called coal-tar disinfectants, etc. Better grades 
are present in products for use by humans. Cresol is used as 
a flotation reagent and in the manufacture of synthetic resins. 
Ortho-cresol is used in organic synthesis. This generic class 
includes xylenols or dimethyl phenols, (CH 3 ) 2 CcH 40 H, and 
various other homologous products. Xylenol is sold as high- 
boiling, low-boiling, imported pale 97-99 per cent and special 
resin grade. 

Creosote is a crude phenolic mixture which may be from 
various sources. Pharmaceutically, the term refers only to 
that from wood tar. Industrially it is usually of coal-tar origin, 
distils at 200-300° and is often called dead oil. Uses are similar 
to those for low grade cresylic acid and one class blends into 
the other. 

Coal-tar creosote is a yellow to brown mixture of phenolic 
substances with variable amounts of naphthalene present, in 
some grades sufficient to solidify the product at room tem¬ 
perature. Anthracene is sometimes present, either naturally 
or by addition of anthracene oil. The crude product is ob¬ 
tained by fractional distillation of coal tar, and usually contains 
8-10 per cent of phenols. When distilled to separate naph¬ 
thalene, as more fully described under coal tar, it gives tar- 
acid oils which are related, but higher in phenolic bodies. The 
coal-tar creosote classification is often much confused by the 
addition of related distillates from water-gas tar, blast-furnace 
tar, etc. Coal-tar creosote has a specific gravity heavier than 
water, should be liquid at 15° C. and is soluble in benzene 
and toluene. Grades ofTered are crude No. 1, crude No. 2 and 
refined. It is used as a source of naphthalene, for ore flota¬ 
tion, for timber impregnation to prevent rot and pests, and 
as an insecticide, germicide, etc. This is a source of phenolic 
materials of higher purity. Essentially it is an inexpensive 
mixture containing about 10 per cent of crude phenols. Coal- 
tar creosote in coal-tar solvent solution is also an article of 


commerce. 
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Low-temperature tar creosote is o])taincd from low-temper¬ 
ature coal distillation, but differs from coal-tar creosote in the 
presence of paraffin hydrocarbons, the absence of naphthalene, 
and a hip^h tar-acid content. It has a specific gravity less than 
that of water. Vertical-retort creosote is quite similar but 
contains some naphthalene. Producer-gas creosote contains 
large amounts of high molecular-weight tar acids as well as 
paraffin hydrocarbons. Water-gas tar creosote is low in tar 
acids. Blast-furnace tar creosote is related to low-temperature 
tar creosote but contains much guaiacol and methyl guaiacol, 
and often 30-35 per cent of phenols. When fresh it can be 
refined to resemble wood-tar creosote. 

Tar acids or tar-acid oils are dark liquids frequently almost 
black, fractions from coal-tar distillation. Their value depends 
on the content of cresols, etc. Frequently substantial amounts 
of anthracene and naphthalene are present. Usually as much 
phenol as conveniently possible has been removed. Tar acids 
are soluble in alcohol and coal-tar hydrocarbons. Grades are 
sold as containing the equivalent of 15 per cent and 25 per cent 
of phenol. Uses are in wood preservation and the manufacture 
of coal-tar type disinfectants. These oils are a relatively 
inexpensive form of crude phenolic compounds. They are also 
known as dip oils because of their use as insecticides for dipping 
cattle and sheep. This type of material is also known under 
the term of sheep dip. 

Wood-tar creosote or wood creosote is an oily liquid hav¬ 
ing a burning, smoky taste, obtained by distillation of the tar 
derived from wood distillation, most commonly that of beech- 
wood. That type may be sold as beechwood creosote, the 
grade called for in most pharmaceutical preparations. It is 
redistilled to remove the last traces of acetic acid. The creosote 
is then separated from hydrocarbons and basic materials such 
as pyridine, by extraction with an acjueous solution of sodium 
hydroxide, usually of about 10 per cent concentration. After 
separation from the insoluble portions, this is acidified, often 
with carbon dioxide, to liberate the purified mixture of phenolic 
bodies or wood-tar creosote. The finished material is a color¬ 
less to yellow or brown, refractive liquid heavier than water. 
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distilling at about 205-225° C.—slightly soluble in water and 
miscible with alcohol, ether and many oils. Phenol esters as 
well as phenol and homologues are present. The major in¬ 
gredients are guaiacol and methyl guaiacol. It is much less 
corrosive than pure phenol and is distinguished from coal-tar 
creosote by its solubility in glycerine. There is a U.S.P. grade 
defined as a mixture of phenols obtained from wood tar of 
which 90 per cent distils between 203 and 220° C. Grades 
quoted are U.S.P. hardwood and beechwood. It is used 
medicinally as an antiseptic by surface application, is the com¬ 
mercial source of guaiacol, and is used to make guaiacol car¬ 
bonate and other derivatives. Because of its high price this 
product is not applicable for most industrial uses. 

Creosote carbonate is a colorless to yellow oily liquid con¬ 
sisting of the carbonates of the compounds in wood creosote, 
largely cresol and guaiacol carbonates. It is prepared by 
treating a solution of creosote with caustic soda and carbonyl 
chloride. The U.S.P. grade has a specific gravity of not less 
• than 1.145 at 25° C, and an ash content not over 0.1 per cent. 
It is used in medicine for the treatment of bronchitis and 
tuberculosis. 

Pine tar is a viscid, dark brown liquid to semi-solid having 
a strong, characteristic odor, obtained by the destructive distil¬ 
lation of pine wood, that of Finns palustris, or other species 
of Finns. Its chief constituents are complex phenols. It is 
soluble in alcohol, ether or chloroform. A U.S.P, grade con¬ 
taining not more than 0.25 per cent of ash, is of minor impor¬ 
tance as a treatment for skin diseases and bronchial disorders. 
Industrially in tonnage, it is used in ore flotation, roofing com¬ 
positions, paints, plastics, tar soaps, asphaltic compositions, 
and as an impregnating medium for wood. The usual grade 
is retort tar. 

Tar oil is the nearly colorless distillate from wood tar, 
which darkens with age. It contains substantial amounts of 
phenols and is soluble in ether or alcohol. Tar oil is used in 
insecticides and germicides and as a flotation oil. Rectified 
tar oil is a steam-distilled grade of the same material which, 
to be U.S.P. must be from pine tar. 
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Birch-tar oil or oil of white birch is obtained by the destruc¬ 
tive distillation of the wood and bark of the birch tree, Betula 
alba. It is a dark, viscid liquid of characteristic odor. This 
crude material is often redistilled to produce a rectified grade 
somewhat lighter in color and of less intense odor. Both crude 
and rectified oils are quoted. The yellow liquid is poisonous 
as it contains phenols and cresols as well as other aromatic 
hydroxy compounds, turpentine, guaiacol, etc. It is used as a 
disinfectant and antiseptic, in dressing and preserving leather, 
and as a wood preservative. 

Amber oil is, in the crude form, a dark brown to black 
viscous oil produced by the destructive distillation of amber. 
It has a strong characteristic odor. The major ingredients are 
terpenes and hydroxy compounds, but a small amount of fatty 
acid is present. By redistillation, a pale yellow to brown 
liquid is obtained. Both the crude and refined oil are soluble 
in ether or alcohol, and the refined moderately soluble in water. 
Both crude and refined grades are quoted, the latter being 
more than twice as expensive as the crude. Both are used in 
medicine as rubefacients, the refined being also an antispas- 
modic and stimulant. 

Pam-tertiary amyl phenol, C 2 Hr,(CH 3 ) 2 CCGH 40 H, is a 
white to pink or yellow crystalline compound, very soluble in 
alcohol or ether. It distils 95 per cent within 15'^ C., although 
this varies somewhat among different grades. It is a synthetic 
antiseptic agent and is used in the production of synthetic 
resinoids. Ortho-amyl phenol, an isomer, and 2,4-diamyl 
phenol are also available. They are viscous yellow liquids 
similarly used. 

Thymol, (CH3)2CHCcH3(CH3)OH, is 2,5-methyl isopropyl 
phenol, a white crystalline compound having a pleasant but 
strong and persistent odor. It is almost insoluble in water but 
exceedingly soluble in alcohol or ether. Thymol is isolated 
from horsemint oil or thyme oil by treatment with caustic soda, 
and separation and decomposition of the sodium salt with 
mineral acid. The odor resembles that of thyme. The U.S.P. 
grade melts between 48 and 51° C. Thymol is relatively ex- 
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pensive and is used as an antiseptic, vermifuge, preservative, 
and odorant, particularly in dental and hair preparations. 

Thymol iodide, (CH 3 ) 2 CHC«H 2 lCH 30 H, is a brown crys¬ 
talline compound prepared by the reaction of thymol in alkaline 
solution with iodine in potassium iodide solution. The U.S.P. 
product contains not less than 43 per cent of iodine on a dry 
basis. It is insoluble in water but soluble in ether and very 
soluble in alcohol. Use is as an antiseptic. 

Pyrocatechol or pyrocatechin, CgH4(OH)o, is or/Z/o-dihy- 
droxybenzene. It is a colorless crystalline compound, very 
soluble in water, alcohol or ether. Pyrocatechol is prepared 
by heating guaiacol with hydriodic acid or by fusing phenol- 
orthosulfonic acid with caustic potash at 350° C. It has a 
reducing action. The C.P. grade is available, also a very expen¬ 
sive resublimed product. It is used in photography, as an 
antiseptic, and in the synthesis of epinephrine. 

Resorcinol or resorcin, C 6 H 4 (OH) 2 , is 7;/r/a-dihydroxyben- 
zene. It is a colorless crystalline compound which turns pink 
on exposure to air. Resorcinol is extremely soluble in water 
or alcohol and very soluble in ether. It is prepared by fusing 
7/ie/a-benzenedisuIfonic acid with caustic soda, and acidifying 
the dissolved melt with mineral acid. The material is not as 
strong a reducing agent as pyrocatechin, although isomeric 
with it. U.S.P., not less than 99.5 per cent pure, and technical 
grades are sold. It is used medicinally as an antiseptic and 
mild irritant, in textile dyeing and printing, and in organic 
synthesis, particularly for the preparation of fluorescein, 
phthalein and azo types of dyestuffs. 

Eugenol, CcHsOHlOCIU) (CHoCH iCIIo), is 4-allyl.2-me- 
thoxy phenol, a colorless to pale yellow liquid very slightly 
soluble in water, very soluble in alcohol and miscible with 
ether. It has a clove odor and is obtained from oil of cloves 
by treating with an alkali, separating the alkali salt and liber¬ 
ating eugenol by the addition of acid. The U.S.P. grade distils 
between 250® and 255® C. It is used in medicine as a germicide, 
in flavors, in perfume, particularly for carnation odors, and 
for the preparation of isoeugenol which is used in making 
vanillin. Isoeugenol differs only in the group —CHuCH :CH 2 
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being- structurally rearranged to —CH iCIICHs. This occurs 
on heating eugenol in alcoholic potassium hydroxide solution. 

Guaiacol, CH 30 C(tH 40 H, is pyrocatechol monomethyl 
ether, which when pure is a white to yellowish crystalline solid 
melting at 28.5° C. It is soluble in water, miscible with alcohol 
or ether, and is obtained from beechwood creosote by extrac¬ 
tion with alcoholic potash solution and washing with ether. 
The potassium compound is crystallized from alcohol, then 
decomposed with dilute mineral acid. It is also produced syn¬ 
thetically. Guaiacol usually is sold as a licpiid because of small 
amounts of impurities which reduce the melting point. This 
darkens on exposure to air. U.S.P. solid guaiacol melts at 
about 28° C. U.S.P. liquid guaiacol distils 85 per cent between 
200° and 210° C. Aside from medicinal uses it is oxidized to 
vanillin. 

Guaiacol carbonate, (C 7 H 70 ) 2 C 03 , is a white crystalline 
compound which is odorless, insoluble in water, but soluble in 
alcohol or ether. It is prepared by the reaction of sodium 
guaiacolate and carbonyl chloride, and is used in medicine in 
place of guaiacol or creosote. 

/P/j/ia-naphthol or a-naphthol, C10II7OH, is the simplest 
phenol derived from naphthalene. It is a colorless crystalline 
material with a phenolic odor, slightly soluble in water but 
very soluble in alcohol or ether. The product is prepared by 
fusing sodium (///’//(/-najihthalenesulfonate with caustic soda 
and decomposing the product with hydrochloric acid. It is also 
])rcsent in coal tar fractions. AlpJia-uaphthol is used in organic 
synthesis, largely in the manufacture of dyes, and as an anti¬ 
septic. 

/)V/a-naphthol or /?-naphthol, C10H7OH, is a white crystal¬ 
line compound which darkens on aging. It has similar solubili¬ 
ties to those of the alpha compound and is prepared by fusing 
sfKlium /^r/a-naphthalene sulfonate with caustic soda and de¬ 
composing with hydrochloric acid. It is commercially more 
important than the alpha isomer, and sublimed and technical 
grades are sold. The U.S.P. grade melts between 120° and 
122° C. It is used in organic synthesis, largely in the manu¬ 
facture of dyes, and in medicine. 
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Hydroquinone, quinol or /lara-hydroxybenzene, CcH4(OH)2, 
is a phenol, moderately soluble in water and very soluble in 
alcohol or ether. It is produced from quinone by reduction 
with sulfur dioxide. Medically it is an antiseptic and anti¬ 
pyretic. More important uses are as a photographic developer 
and as a reducing agent for special purposes. 

Dimethyl hydroquinone, C6H4(OCH3)2, is a white crystal¬ 
line derivative used in perfumes, particularly for soaps. The 
odor is persistent and resembles that of clover. 

Phloroglucinol or phloroglucin, CeH3(0H)3,2H20, is 
1 , 3 , 5 -trihydroxybenzene. It is a white to yellow crystalline 
compound slightly soluble in water and very soluble in alcohol 
or ether. Phloroglucinol is prepared by fusion of resorcinol 
with caustic soda and decomposition of the melt with acid. 
C.P. and technical grades are sold largely for use in medicine. 



CHAPTER XXI 


ALDEHYDES AND KETONES AND THEIR 
DERIVATIVES 

Aldehydes are characterized chemically by the way in 
which an oxygen atom is attached to carbon, that is, by the 
presence of the —CHO group joined to an organic radical. They 
are intermediate products between primary alcohols and their 
acids, and are therefore formed by the careful oxidation of 
primary alcohols. Aldehydes are very reactive and easily 
oxidized. The ending “al’' is often used to indicate that a 
compound contains the characteristic aldehyde group, such as 
in acetal and citral 

Formaldehyde or formic aldehyde, HCHO, is the simplest 
possible member of the aldehydes. Formaldehyde itself is a 
gas, but the common form of it is obtained on condensing the 
vapor and absorbing in water. A 37 per cent solution, called 
formalin, is prepared, and is the U.S P. standard. This solu¬ 
tion is ordinarily meant when formaldehyde is mentioned or 
quoted The gas is also soluble in alcohol and ether. A small 
amount of methyl alcohol is present in the commercial product, 
including the U.S P grade, as well as polymerization products, 
since polymerization occurs very readily. It is produced com¬ 
mercially by the catalytic oxidation of methyl alcohol vapor 
by air when passed over heated copper or platinum gauze. 
Formaldehyde is a strong reducing agent. It is used in organic 
synthesis, particularly in the preparation of dyes of the 
triphenylmethane series such as rosaniline, and in hexa¬ 
methylenetetramine, urea, paraformaldehyde, etc. Other uses 
are in embalming fluids, for the preservation of anatomical 
specimens, for hardening photographic film, and in other indus¬ 
tries where the property of formaldehyde of hardening proteins 
and making them resistant to water, is of use. It is a major 
ingredient in the phenol-formaldehyde plastics, as well as a 
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raw material at an earlier stage in urea plastics. It is an anti¬ 
septic and germicide. 

Paraformaldehyde, (HCH0)n.Hi»0, is very soluble in 
water. It is a polymerization product of formaldehyde ob¬ 
tained by concentrating an aqueous solution of the latter in 
vacuo, or over concentrated sulfuric acid. The amorphous 
white solid has the odor of formaldehyde and changes back to 
formaldehyde on heating. It serves as a convenient source of 
formaldehyde for fumigant and disinfectant purposes, for 
waterproofing glues and for many other purposes. 

Acetaldehyde or acetic aldehyde, CHnCHO, boils at about 
room temperature. It is miscible with water, alcohol or ether 
and has a pungent suffocating odor. Acetaldehyde is formed 
from ethyl alcohol by passing the vapor over heated palladium 
black. It is also made synthetically from acetylene by causing 
the latter to unite with water. The gas is passed into a dilute 
solution of sulfuric acid containing mercuric oxide in suspen¬ 
sion and the aldehyde is separated from unchanged acetylene 
by cooling. It is a powerful reducing agent and is often called 
aldehyde. The colorless liquid is used in organic synthesis, in 
disinfectants, in photography and in making synthetic rubber. 

Aldol or acetaldol, CH 3 CH(OH)CH.>CHO, is solu])le in 
ether and miscible with water or alcohol. It is a polymeriza¬ 
tion product of acetaldehyde, in which two molecules of the 
latter have condensed to form the new compound. This con¬ 
densation is brought about when acetaldehyde is treated with 
a dilute solution of an alkali, alkali cyanide, sodium sulfite or 
a mixture of sodium acetate with zinc chloride. A 95 per cent 
grade of the colorless or pale yellow viscous liquid is sold. It 
in turn polymerizes rather readily to form paraldehyde. Aldol 
is used in ore flotation, in engraving, and in organic synthesis 
such as in the manufacture of rubber accelerators. 

Crotonaldehyde, CH 3 CH rCHCHO, is a colorless liquid 
which darkens on exposure to air. It is moderately soluble in 
water, and miscible with alcohol, ether, benzol or petroleum 
hydrocarbons. It is formed on heating aldol with anhydrous 
sodium acetate. The liquid possesses a pungent suffocating 
odor. A technical grade is sold. It is used as an odorant agent 
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in gases for the detection of leaks, since it is noticeable in very 
low concentrations, and in the synthesis of quinaldine and 
other synthetic organic chemicals. 

Paraldehyde or paracetaldehyde, (CHaCHO),^, is a prod¬ 
uct of polymerization of acetaldehyde. It is a colorless liquid 
with a distinctive aromatic odor, soluble in water and miscible 
with alcohol, chloroform or ether. Paraldehyde is produced 
by polymerization of acetaldehyde with hydrochloric acid or 
zinc chloride. Structurally it is not an aldehyde but a cyclic 
ether. Technical and U.S.P. grades are available, the latter 
distilling between 120° and 125° C. Aside from medical pur¬ 
poses it is used for organic synthesis. 

Acetal or diethylaldehyde, CH 3 CH(OC 2 Hr,) 2 , is a deriva¬ 
tive of acetaldehyde formed by condensation of acetaldehyde 
with ethyl alcohol in the presence of acetic acid or a small 
amount of mineral acids such as hydrochloric or sulfuric. The 
colorless liquid has a pleasant characteristic odor and is very 
soluble in water, alcohol or ether. It is used medically, as an 
expensive solvent, and as an intermediate in the manufacture 
of synthetic jasmine. 

Chloral hydrate, CClaCH(OH) 2 , is not chloral, CCI 3 CHO. 
Chloral hydrate is a hydrated aldehyde in colorless crystals of 
pungent odor and bitter taste. It volatilizes to a substantial 
degree on exposure to air. The solubility in water is extreme, 
that in alcohol or ether is great. Chloral is made by passing 
chlorine into absolute alcohol or ac|ueous acetaldehyde, chloral 
hydrate by addition of water to chloral. Chloral hydrate is 
used medicinally and in organic synthesis. It is the material 
used as “knockout” drops. The U.S.P. product is 99.5 per cent 
pure. 

Butyraldehyde or butyl aldehyde, CH 3 (CHo) 2 CHO, is 
miscible with water, alcohol or ether. It is obtained by the 
controlled oxidation of butyl alcohol by passing its vapors 
mixed with air over a suitable catalyst, and distilling off the 
aldehyde from unchanged butyl alcohol. It is also produced 
by the controlled oxidation of butyl alcohol with a mixture of 
chromic acid, sulfuric acid and water. The colorless liquid is 
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used mainly in organic synthesis, as of rubber accelerators and 
synthetic resins. 

Higher aldehydes are expensive odorants, usually derived 
synthetically from the related alcohols or acids. The terminol- 
by the number of carbon atoms is used, paralleling that 
for the alcohols. Heptylic aldehyde, heptyl aldehyde, oenanthic 
aldehyde, oenanthol or C-7 aldehyde, CcHisCHO, is a color¬ 
less, refractive, oily liquid with an aromatic odor, soluble in 
alcohol and miscible with ether. It is derived from the vacuum 
distillation of castor oil. The fruity odor is heavy and leads 
to its use in bouquets. Some is used in organic synthesis. It 
is relatively inexpensive as compared with other perfume 
aldehydes. Octylic aldehyde, octyl aldehyde, caprylic alde¬ 
hyde or C-8 aldehyde, C7H15CHO, is a colorless liquid obtained 
from the distillation of castor oil, soluble in alcohol or ether. 
It is used in jasmine and rose odors. Nonylic aldehyde, nonyl 
aldehyde or C-9 aldehyde, CsHnCHO, is a colorless liquid 
soluble in alcohol or ether and used for rose and tuberose odors. 
Decylic aldehyde, decyl aldehyde or C-10 aldehyde, CdHioCHO, 
is similar but tends toward a citrus type. It is used for rose, 
tuberose, and orange odors, and in colognes. Undecylic alde¬ 
hyde, undecyl aldehyde or C-11 aldehyde, CioHoiCIIO, is a 
rose and lily type. Laurie aldehyde, lauryl aldehyde or C-12 
aldehyde, C11H23CHO, has a citrus tone and is blended with 
other synthetics to give lift or tone to lily, violet and bouquets. 
Methyl nonyl acetic aldehyde, CoHi 9 (CH 3 )CHCHO, is sweet 
and is used to build up other aldehydes. Peach aldehyde is a 
lactone discussed under organic acids. Strawberry aldehyde 
or C-16 aldehyde, CmHaiCHO, is used for the fruity odor and 
flavor. Coconut aldehyde, cocoanut aldehyde or C-18 aldehyde, 
C17H35CHO, is used in many odors such as gardenia, jasmine, 
etc. 

Citronellal, C9H17CHO, is an unsaturated aldehyde found 
in lemon, lemongrass, citronella and similar essential oils. It 
is also obtained by the oxidatipn of citronellol. The liquid is 
very slightly soluble in water but miscible with alcohol or 
ether. It is used in inexpensive perfumes and in soaps. 
Hydroxycitronellal, C 9 Hi 7 C(OH )2 is also quoted and is the 
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product of reaction of the aldehyde with water. It is citronellal 
hydrate, a yellow oil soluble in alcohol or ether. It is also 
called synthetic muguet and is used as a perfume fixative and 
odorant, largely for violet tones in lilac, lily, jasmine and 
hyacinth. The dimethyl acetal is more expensive but some¬ 
times is used to avoid skin irritation. 

Citral, geranial or geranialdehyde, (CH 8 ) 2 C :CHCH 2 CH 2 C- 
(CH3) :CHCHO, is an unsaturated aldehyde found in the oils 
from lemon, geranium, orange-peel, lemongrass, bay leaves, 
etc. The light yellow liquid is insoluble in water but miscible 
with alcohol or ether. It is available in C.P. grade, and is used 
in flavors and in odors of the citrus or oriental types. 

Furfural or furfuraldehyde, C4H3OCHO, is a colorless to 
reddish brown liquid, very soluble in water, alcohol or ether. 
It darkens on exposure to the air and is obtained from the 
pentoses of corn cobs, oat hulls, straw, jute, corn stalks, etc., 
by digesting these or similar products with moderately concen¬ 
trated sulfuric acid. The term furfurol, which implies an alco¬ 
hol structure, is also used for this aldehyde. Both refined and 
technical grades are sold. It is used in the manufacture of 
synthetic resins and molding compounds, disinfectants, de¬ 
odorants, as a preservative of glue, in light-sensitive printing 
plates, as a nitrocellulose solvent and for the production of 
numerous chemical derivatives. It is the inexpensive starting 
material for derivatives of furfurane, C4H4O. 

Benzaldehyde or oil of bitter almonds, CeHsCHO, is present 
in bitter almonds and the kernels of various fruits in the form 
of the glucoside, amygdalin. It is a colorless to yellow liquid 
having the odor of bitter almonds and is slightly soluble in 
water but miscible with alcohol or ether. Benzaldehyde is 
prepared from toluene by converting the latter to benzyl 
chloride by heating it with chlorine ; benzyl chloride is in turn 
heated with lead nitrate, which converts it to benzaldehyde. 
The aldehyde may be made directly from toluene by direct 
oxidation with such metallic oxides as manganese dioxide or 
nickel peroxide, which gives a product free from chlorinated 
derivatives. Another method of manufacture is to heat benzal 
chloride with milk of lime, under pressure. When exposed to 
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air, the aldehyde is oxidized to benzoic acid. Grades sold are 
technical, and should not be confused with U.S.P. oil of bitter 
almonds. It is used in the preparation of flavoring materials 
and odorants, and in the manufacture of dyes and of other 
synthetic organic compounds, including benzoic and cinnamic 
acids. The methyl derivative, tolyl aldehyde, H 3 CC 6 H 4 CHO, 
is much less common. It is similar in properties, much more 
expensive, and used in flavors and perfumes because it is 
sweeter in tone. 

Anisic aldehyde or anisaldehyde, CH 3 OC 6 H 4 CHO, is ob¬ 
tained by the oxidation of anethole. The colorless liquid is 
slightly soluble in water but miscible with alcohol or ether. 
The hawthorn odor is blended with other odorants in per¬ 
fumes. 

Salicylic aldehyde or salicyaldehyde, HOC^IGCHO, is pro¬ 
duced by heating phenol, chloroform and caustic potash to¬ 
gether. The pale yellow liquid has a sweet odor and is used 
in small amounts in compounding perfumes. It has also been 
used as a disinfectant agent. 

Cinnamic aldehyde, CoHsCH :CHCHO, occurs in the oils 
of cinnamon and cassia and in other essential oils, from which 
it may be obtained through the formation of its addition 
product with sodium bisulfite. It is prepared synthetically by 
the condensation of benzaldehyde with acetaldehyde in the 
presence of a dilute solution of caustic soda. The yellow oil 
is very slightly soluble in water but miscible with alcohol or 
ether. It has a cinnamon-like odor and is used in making 
extracts and perfumes. 

Amyl cinnamic aldehyde, QH 11 C 6 H 4 CH iCIICIIO, is dpJm- 
amylcinnamic aldehyde, a yellow oil with a modified cinnamon 
odor. The synthetic material is used as an odorant, largely 
in jasmine, lily and peach odors. The name jasmine aldehyde 
has been applied to it in the past. Hexyl cinnamic aldehyde, 
CgHi 3 CcH 4 CH :CHCH0, is similar in odor and use. 

Phenylacetaldehyde or phenylacetic aldehyde, CoHdCH^ 
CHO, is prepared by heating phenyl lactic acid with dilute 
sulfuric acid, or by the action of caustic soda on phcnyl-a 7 />/m- 
chloroacetic acid. The colorless liquid is very slightly soluble 
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in water but miscible with alcohol or ether. The odor is like 
that of hyacinth and it is used in perfume, particularly sweet 
pea, lily, jonquil, hyacinth, lilac and rose. It is sometimes sold 
in 50 per cent alcoholic solution to avoid polymerization. 

Phenylpropylaldehyde or hydrocinnamic aldehyde, CeHr,- 
C2H4CHO, is similar in properties to the acetaldehyde deriva¬ 
tive but has a slightly different odor, tending toward the 
hyacinth. 

Cumic aldehyde or cuminic aldehyde, CH3CHC6H4CHO, 
is present in cumin oil and isolated from that source. The 
colorless to yellow liquid is soluble in alcohol or ether. It is 
an expensive odorant used in violet and related perfumes. 

Heliotropin, piperonal or piperonyl aldehyde, CH2<02>- 
CoHriCHO, is prepared by the oxidation of isosafrol or potas¬ 
sium piperate. The white crystals turn dark on exposure to 
light and are miscible with alcohol, ether or hot water. The 
compound is used in medicine, and in perfume as a fixative 
and for its heliotrope odor. In substantial amounts it tends to 
cause skin irritation. 

Vanillin or vanillic aldehyde, CoHsCOH)(OCH:0CHO, 
occurs as a natural efflorescence on vanilla beans, giving them 
their peculiar fragrance. It is prepared by oxidizing isoeugenol 
from oil of cloves, by oxidizing guaiacol, or by hydrolyzing 
coniferin, a glucoside found in the sapwood of fir trees, to give 
glucose and coniferyl alcohol. The latter is then oxidized to 
vanillin. Recovery from the lignin of the paper-pulp industry 
liids fair to dominate the market. The white crystalline 
powder is slightly soluble in cold water, moderately soluble 
in hot, and very soluble in alcohol or ether. It is sold as made 
from eugenol, from guaiacol, or from lignin for use as a syn¬ 
thetic vanilla flavor. It is an important perfume ingredient. 
Vanillin is the outstanding synthetic flavor in terms of the 
quantity used, which far exceeds 100 tons per year. This is 
partially due to the use of vanillin to round out other flavors, 
chocolate for example. Ethylvanillin, CcH3(OC2Hn) (OCHn) 
CHO, is similar, but much more expensive and about three 
times as strong as vanillin. Several other vanillin esters are 



226 


CHEMICALS OF COMMERCE 


sold under trade names and have varying intensities of flavor 
and odor, all greater than that of vanillin. 

Aldehol is not an individual chemical compound but is an 
oxidation product of kerosene which gives reactions of alde¬ 
hydes. It has been used as a denaturant for ethyl alcohol, and 
as such has to meet definite specifications, including a specific 
gravity of not over 0.825, an approximate distillation range of 
200-290° C. under fixed standard conditions, about 20 per cent 
solubility in ethyl alcohol and an iodine number of not less 
than 35. The denaturing grade is quoted. 

Ketones are closely related to aldehydes. They can be con¬ 
sidered as a substitution product of RCHO in which the H has 
been replaced with another radical to give RCOR. Thus 
ketones are characterized by the presence of a C :0 group 
joined to two organic radicals. They resemble aldehydes in 
their chemical nature but are formed by the oxidation of 
secondary rather than of primary alcohols. The formation of 
both aldehydes and ketones is marked by the loss of two 
hydrogen atoms from the alcohol molecule. They are chemi¬ 
cally quite active but not nearly so reactive as aldehydes. This 
reactivity is of the CO group which may be reduced to an 
alcohol, or oxidized with a break-up of the chain to give one 
or more organic acids. They form various addition products. 
The ending “one” is often used to indicate the ketone struc¬ 
ture, as in acetone, anthraquinone, acetophenone, etc. 

Acetone, CH 3 COCH 3 , is a colorless liquid miscible with 
alcohol, ether or water. Historically preparation is by dry dis¬ 
tillation of commercial calcium acetate, which gives an impure 
product. This is further purified by isolation of the sodium- 
bisulfite addition compound, (CH 3 ) 2 C 0 ,NaHS 03 . This addi¬ 
tion product is heated with a solution of sodium carbonate to 
liberate pure acetone. Water is removed by fractional dis¬ 
tillation, the acetone dried over a desiccating agent and redis¬ 
tilled. This method is now obsolete. A more modern method 
of preparation is from isopropyl alcohol by passing the latter 
over heated metallic oxides which act as catalysts to oxidize 
it to form the ketone. Still another method of preparation is 
to ferment such starchy materials as corn or rice meal with 
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Bacillus butylicus at a slightly elevated temperature in the 
absence of air. Two volumes of butyl alcohol are formed to 
one volume of acetone. The C.P. grade is sold. Acetone is 
used as a solvent for lacquers, varnishes, fats, resins, in extrac¬ 
tion of resins from rubber, as a solvent for cellulose acetate in 
the manufacture of acetate silk, as a solvent for cellulose ni¬ 
trate in the manufacture of smokeless powders, in the manu¬ 
facture of other chemicals such as chloroform, iodoform and 
sulfonal, in the synthetic manufacture of dyes and inter¬ 
mediates, as an absorbent for acetylene gas, and as a solvent 
in many other applications. 

Methyl acetone is a mixture of acetone and other solvents 
of which a typical composition is 48 per cent acetone, 28 per 
cent of the 82 per cent grade of methyl acetate, and 24 per cent 
of methyl alcohol. It is sold as natural and synthetic. The 
latter commands a substantially higher price. The colorless 
liquid is anhydrous and is used as a solvent for gums, nitro¬ 
cellulose, resins, etc., and as a varnish remover. 

Methyl ethyl ketone or ethyl methyl ketone» C2H5COCH3, 
is obtained by heating methyl acetoacetate with sulfuric acid, 
and distilling. It is very soluble in water and miscible with 
alcohol or ether. While slightly more expensive than acetone, 
it is similar in properties but less volatile. The colorless liquid 
is used in the production of synthetic organic chemicals and 
in general as a solvent. 

Methyl propyl ketone or ethyl acetone, C3H7COCH3, is 
another member of this series, prepared by distillation from 
a mixture of calcium acetate and calcium butyrate. It is color¬ 
less and miscible with alcohol or acetone but only slightly 
soluble in water. It dissolves in many organic solvents. Al¬ 
though substantially more expensive than acetone it is used as 
a higher-boiling solvent, particularly in lacquers. 

Methyl butyl ketone or propyl acetone, C4H9COCH3. is the 
next higher isomer. Methyl isobutyl ketone, (CH3)2CHCH2 
COCH3, is isomeric. They are colorless liquids soluble in 
ether, alcohol and many other organic solvents, prepared by 
methods similar to those for the simpler ketones. These 
ketones are mainly solvents for gums, resins and nitrocellulose 
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in lacquers. Methyl amyl ketone, CsHuCOCHn, is similar in 
properties and uses. 

Methyl hexyl ketone, CHgCOCoHis, is insoluble in water 
but miscible with alcohol or ether. It is a colorless liquid pre¬ 
pared by distillation of sodium ricinoleate with caustic soda. 
This classifies it as a remote derivative of castor oil. The odor 
is quite similar to that of apples. It is expensive and is used 
in the technical grade for organic synthesis, in perfumes and as 
an antiblushing agent in lacquers. 

Methyl naphthyl ketone, CH 3 COC 10 H 7 , is a white crystal¬ 
line substance with an odor resembling that of orange blos¬ 
soms. It is produced synthetically and used as an odorant and 
fixative, particularly in creams and soaps. 

Mesityl oxide, (CH 3 ) 2 C iCHCOCHa, is isopropylidene 
acetone. It is produced by treatment of acetone with hydrogen 
chloride gas, and is a tonnage product. The colorless, oily 
liquid is soluble in water or ether and miscible with alcohol. 
It is a reagent in synthetic organic chemical manufacture. 

Methylheptenone, (CH 3 ) 2 C :(CH 2 ) 2 COCH 3 , is a colorless 
liquid, produced by controlled oxidation of the corresponding 
secondary alcohol, insoluble in water but miscible with alcohol 
or ether. It is used for organic synthesis. 

lonone or violet ketone, C 13 H 20 O, is a complex ketone which 
is the odorous material of violets and orris root. The faintly 
yellowish liquid is very slightly soluble in water, but miscible 
with alcohol or ether. Pseudo ionone is synthesized by con¬ 
densing citral with acetone in the presence of alkaline earths 
and then boiling with a solution of sulfuric acid in glycerine to 
convert it to the product. Commercial grades usually contain 
around 90 per cent of ketone. By the use of methyl ethyl 
ketone the less common methyl ionone, C 14 H 22 O, is produced, 
lonone is an important perfume ingredient in violet, rose, orris 
and bouquets. Much is used in soaps. The raspberry tone of 
its aroma renders it suitable for synthetic flavors, for which 
methyl ionone is even more satisfactory. Industrially, distinc¬ 
tions are made between a//>/ia-ionone, 6 cfa-ionone, mixtures, 
ionone ketone, etc. Uses are similar. 
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Acetophenone, phenyl methyl ketone or hypnone, CeHs- 
COCH3, is prepared by condensing benzene and acetyl chloride 
in the presence of aluminum chloride or ferric chloride in 
carbon bisulfide. It is also formed by the distillation of a 
mixture of dry calcium acetate and calcium benzoate. The 
colorless crystals of acetophenone melt at about 19^" C. so that 
the product is liquid at ordinary temperatures. Acetophenone 
is insoluble in water but miscible with alcohol or ether. It is 
used in new-mown hay, lilac and mimosa perfumery for its 
sweet orange-blossom odor, and as a sleep-inducing drug. It 
also is used for synthesis of more complex organic chemicals. 

Methyl acetophenone or methyl tolyl ketone, CH 3 C«H 4 - 
COCH 3 , is prepared from toluene by a method similar to that 
described for acetophenone. It is a colorless liquid soluble in 
alcohol, similar to acetophenone but less harsh, used as an 
odorant and in organic synthesis. 

Benzylidene acetone, benzalacetone, methyl cinnamyl ke¬ 
tone or methyl styryl ketone, CcHr,CH iCHCOCHa, is prepared 
by treating l)enzaldehyde and acetone with a dilute solution of 
caustic soda. It is also obtained by distillation of the calculated 
proportions of calcium cinnamate and calcium acetate. The 
colorless crystals are purified by recrystallization. It is in¬ 
soluble in water but very soluble in alcohol or ether. Use is 
in perfumery both as a fixative and for its odor, which resem¬ 
bles that of coumarin. It is particularly applicable to sweet 
l)ea, lavender and violet odors but must be used with caution 
as its odor is characteristic. It is also used in organic synthesis. 

Carvone or carvol, C 10 H 14 O, is a ketone obtained by dis¬ 
tillation from caraway, dill or spearmint oils. The colorless or 
slightly yellow liquid has an odor of caraway and is miscible 
with alcohol or ether, and very slightly soluble in water. It 
is used in perfumery, flavors, liqueurs and medicine. 

Benzophenone or diphenylketone, (CgH 5 ) 2 CO, is a color¬ 
less, crystalline product, moderately soluble in alcohol or 
ether. It is produced by distillation of calcium benzoate, and 
used as an odorant and fixative in perfumes and soaps. 

Anthraquinone, C({H 4 (CO) 2 C«H 4 , may be considered as a 
double ketone, two phenyl groups joined by CO groups. The 
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fact that they are in a ring structure alters the properties. 
Anthraquinone is prepared from anthracene by mixing a sludge 
of water and anthracene with sodium bichromate and caustic 
soda. After running through a mill the mixture is treated with 
sulfuric acid and steam, when the anthracene is oxidized to 
anthraquinone. The washed product contains about 95 per 
cent of anthraquinone, which can be further purified by subli¬ 
mation. It is also produced by oxidation of anthracene in 
glacial acetic acid solution by chromic acid. A synthetic 
process of production is by heating phthalic anhydride with 
benzene in the presence of aluminum chloride. The addition 
compound is treated with a dehydrating agent to produce 
anthraquinone. The yellow needles are slightly soluble in 
alcohol, ether or benzene. It is sold as 99.5 per cent sublimed, 
and is used for the production of derivatives, mainly dyestuffs 
and intermediates such as alizarin and anthrapurpurin. 

Methyl anthraquinone, CH3C6H3(CO)2CoH4, is obtained as 
white to yellow crystals by heating anthraquinone and methyl 
alcohol in the presence of sulfuric acid as a dehydrating agent. 
It is very slightly soluble in alcohol, soluble in ether and ex¬ 
tremely soluble in benzene. It is used in the production of 
dyestuffs and intermediates. 

Tetramethyldiaminobenzophenone or Michler's ketone, 

[(CH 3 ) 2 NGbH 4 ] 2 CO, is made by heating dimethylaniline with 
phosgene, COCI 2 , in an autoclave. The colorless to greenish 
crystals are purified by recrystallization. They are insoluble 
in water but very soluble in alcohol, ether or hot benzene. The 
ketone is an important intermediate in the manufacture of 
dyes. 

Gum camphor is structurally a ketone, but is discussed with 
the natural gums because of the close relation of its use and 
because its physical properties are more important than the 
chemical properties. 



CHAPTER XXII 


ORGANIC ACIDS AND CLOSELY RELATED 
COMPOUNDS 

Organic acids are usually weak or little ionized acids. By 
definition they give hydrogen ion in solution but the same 
deviations from this definition apply as have already been 
discussed in regard to inorganic acids. A few are quite strongly 
acid. Some are called carboxylic acids because of the charac¬ 
teristic acid group, -COOH, termed a carboxyl group. They 
may be monobasic or polybasic, examples being formic, acetic 
and butyric, containing one carboxyl group, oxalic and maleic 
acids containing two carboxyl groups and citric containing 
three. The organic radical may be straight-chain or cyclic, as 
in propionic and benzoic acids, respectively. 

Sulfonic acids are organic acids containing an SO 2 OH 
group joined to an organic radical through the sulfur atom. 
They diflfer from organic sulfates in that the latter are linked 
to other radicals by means of an oxygen atom. A simple ex¬ 
ample of a sulfonic acid is sulfanilic acid. In general, sulfonic 
acids are stronger acids than carboxylic acids, although the 
other radicals and groups present greatly affect the chemical 
nature and reactivity of the individual compounds. Organic 
sulfates, also included here, are both esters and acids, being 
esters of an alcohol with sulfuric acid but leaving one replace¬ 
able hydrogen, ROSO 3 H. Organic acids form salts, the hydro¬ 
gen of the carboxyl, sulfonic or sulfate group being replaced 
by metallic ion. Organic acids should not be confused with 
phenols, which are hydroxyl derivatives of cyclic hydrocar¬ 
bons having acidic properties, but differing in structure and in 
other characteristics. Thus carbolic acid and cresylic acids are 
chemically phenols, not organic acids. Similarly many other 
compounds called acids will not be found in this chapter but 
in that on phenols. Some acid derivatives such as acid chlorides 
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and acid anhydrides are included here because of close rela¬ 
tionship to organic acids. 

Formic acid, HCOOII, is the simplest and strongest of the 
series of aliphatic monobasic acids. It is a colorless liquid 
with a pungent odor, miscible with water, alcohol or ether. 
It occurs in some mineral waters, in muscle, and in animal 
secretions such as the stings of insects. In some reactions it 
behaves like a reducing agent, as in the reduction of silver 
salts. Methods of production are by the oxidation of methyl 
alcohol or of formaldehyde, or by heating oxalic acid with 
glycerine at 100-110° C. In concentrated form, it is prepared 
by dissolving sodium formate in 90 per cent formic acid and 
then distilling with concentrated sulfuric acid. C.P. formic 
acid is sold at 90 per cent concentration, and technical grades 
are sold varying in concentration from 75 to 90 per cent. It is 
used in electroplating, in dyeing and processing textiles, in 
the production of formates and esters including cellulose 
esters, and for numerous other purposes. 

Acetic acid or vinegar acid, CH3COOH, is a colorless liquid 
characterized by the sharp taste of vinegar. It is the second 
of the series of aliphatic acids and the most widely used organic 
acid. Because the anhydrous acid solidifies at 16.6° C. it is 
called glacial acetic acid to distinguish it from diluted forms. 
It mixes with water, alcohol or ether. Impure acetic acid in 
dilute form is obtained by the fermentation of dilute alcoholic 
liquors such as ‘‘hard’’ apple cider or wines. Unless qualified, 
vinegar means a solution of not less than 4 per cent of acetic 
acid obtained by fermentation of apple cider, by ruling of the 
Food and Drug Administration. Vinegars from other sources 
are described by suitable adjectives such as wine vinegar, beet 
root vinegar, tarragon vinegar, etc., often having characteristic 
flavors. Malt vinegar is colorless and is obtained by trickling 
alcohol from malt over beech shavings. This is known as the 
quick vinegar process which is also applied to alcohol from 
any source in producing spirit vinegar. Double vinegar is a 
vinegar of double strength. 

A more concentrated acetic acid may be obtained from 
vinegar by neutralizing with lime, isolating the resulting cal- 
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cium acetate, mixing this with sulfuric acid, and distilling the 
volatile acetic acid. A substantial but declining proportion of 
commercial acetic acid is obtained from the destructive dis~ 
tillation of wood. The acidic product is neutralized with lime, 
and acetic acid recovered from the calcium acetate by distilla¬ 
tion with sulfuric acid. A method of production of increasing 
importance is hy synthesis, as follows: Limestone and coal 
react in the electric furnace to form calcium carbide. Acety¬ 
lene is produced from this by the addition of water. The 
acetylene may be converted into acetaldehyde by passing into 
hot dilute sulfuric acid containing mercuric sulfate, which acts 
as a catalyst. Acetaldehyde is oxidized to acetic acid by air or 
oxygen in the presence of a catalyst consisting of a metallic 
oxide. Both natural and synthetic grades of glacial acetic 
acid are quoted. The U.S.P. standard for acetic acid calls for 
36-37 per cent of acetic acid, for 5.7-6.3 per cent in dilute acetic 
acid, and for 99 per cent in glacial acetic acid. Commercial or 
redistilled grades are sold at 28 per cent, 50 per cent, 70 per 
cent, and 80 per cent. Pure acetic acid is quoted at 30, 36, 60 
and 80 per cent. To compare the relative cost in any given 
quotation in terms of anhydrous acid, multiply the price per 
pound by the corresponding factor given in the following 
table: 


Per Cent 

Acetic Acid 

Sp. G. 

Factor to Calculate 
Price to That for 
Anhydrous Acid 

4 

1.0052 

25.00 

28 

1.0388 

3.57 

30 

1.0412 

3.33 

30 

1.0481 

2.78 

50 

1.0615 

2.00 

60 

1.0685 

1.67 

70 

1.0733 

1.43 

80 

1.0748 

1.25 


Acetic acid is covered by the Caustic Poison Act, given in 
Appendix A. 

Acetic acid is very commonly used when an organic acid is 
desired and a liquid acid is permissible. As a solvent it enters 
into many synthetic organic processes, and it is also used as 
a reacting chemical in organic synthesis. Many acetates are 
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produced from it by neutralization. Esterified with cellulose, 
the important cellulose acetate is obtained. These are only 
indicative of the multitude of uses which extend into dyeing, 
pharmaceutical manufacture, etc. 

Pyroligneous acid is a crude, yellow to red liquid which 
is a mixture of materials from wood distillation. The crude 
product contains methanol, acetic acid, acetone, furfural and 
various tars. It is used for the manufacture of acetic acid and 
acetone as well as for the separation of various other con¬ 
stituents, but is steadily declining in importance. 

Acetyl chloride, CH3COCI, is a colorless to light yellow 
liquid with a strong odor, giving off very irritant fumes. It 
is produced by the reaction of glacial acetic acid with phos¬ 
phorus trichloride. The liquid reacts violently with water or 
alcohol to liberate hydrogen chloride and form acetic acid or 
ethyl acetate respectively. It is miscible with the majority 
of anhydrous organic solvents. Uses are in organic synthesis 
such as in the preparation of acetic anhydride, intermediates, 
dyes, and pharmaceuticals. 

Acetic anhydride, (CH3C0)20, is the material which, mixed 
with water, will form acetic acid. It is more expensive than 
the latter, so naturally acetic acid is not made in that way. 
Distillation of sodium acetate with acetyl chloride gives the 
anhydride but the lowest-cost process is probably by the re¬ 
action of acetic acid with ketene, H 2 C: CO, a very simple 
synthesis. Acetic anhydride is miscible with many anhydrous 
solvents such as alcohol or ether. It is an important synthetic 
organic chemical reagent, as in the manufacture of cellulose 
acetate. 

Monochloroacetic acid, chloroacetic acid or chloracetic acid, 

CH 2 CICOOH, is the monochloro-derivative of acetic acid. In¬ 
troduction of the chlorine atom increases its activity as an acid. 
It forms colorless, deliquescent crystals, extremely soluble in 
water and soluble in alcohol or ether. Chloroacetic acid is pre¬ 
pared by passing chlorine into a boiling mixture of 1 part of 
sulfur and 10 parts of acetic acid. It is very corrosive to the 
skin. The 99 per cent and technical grades are used largely 
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for the synthesis of dyestuffs such as indigo, and as a reagent 
in varied organic reactions. It is relatively inexpensive. 

Trichloroacetic acid or trichloracetic acid, CCI3COOH, is 
a fairly strong acid, being made notably stronger than acetic 
acid by the addition of the chlorine atoms. It forms colorless, 
deliquescent crystals having a slight characteristic odor. 
Trichloroacetic acid is extremely soluble in 'water and dissolves 
readily in alcohol or ether. It is prepared by oxidizing chloral 
hydrate with fuming nitric acid, or from glacial acetic acid by 
its reaction with chlorine in the presence of a suitable catalyst. 
The U.S.P. grade is 99 per cent pure. Use is limited because 
it is expensive. The acid attacks the skin readily and in this 
connection finds some medicinal use. 

Lactic acid, a//>/ia-hydroxypropionic acid or a-hydroxy- 
propionic acid, CH3CHOHCOOH, is a colorless to brown vis¬ 
cous liquid. It is miscible with water, alcohol or ether. The 
acid is present in sour milk due to the bacterial fermentation 
of milk sugar, lactose. Other sugars and starch can also be 
fermented to give this acid by inoculation with any of several 
varieties of lactic-acid forming bacilli. In practice it is ob¬ 
tained by fermenting milk, solutions of starch, or grape sugar, 
or a mash of corn or potatoes. As soon as it is formed, the 
acid is neutralized with calcium carbonate or zinc carbonate. 
The solution of the lactate is concentrated, the acid liberated 
with sulfuric acid and the lactic acid distilled. Sulfuric acid 
is sometimes present as an impurity in commercial lactic acid. 
U.S.P. 75 per cent and 85 per cent grades are quoted but the 
present U.S.P. grade is equivalent to 85 to 90 per cent. It 
contains a mixture of the acid and the anhydride. Light grades 
are quoted as 22 per cent, 44 per cent, 50 per cent edible grade 
and 50 per cent plastic grade. The plastic grade is more ex¬ 
pensive than the edible grade. Technical dark grades are 
quoted at 22 per cent and 44 per cent concentration. It is used 
as an organic acid less volatile than acetic. Applications of 
the edible grades are in the manufacture of cheese, sauerkraut, 
pickles, extracts, confectionery and beer, and in medicine. 
Technical grades are used, aside from in plastics, in dyeing 
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and textile printing, as a dye solvent such as for induHne, 
nigrosine, and spirit-blue, in tanning for deliming of hides, etc. 

Propionic acid or methylacetic acid, CH3CH2COOH, is a 
liquid belonging to the lower range of the aliphatic series of 
acids. It is colorless, has a pungent odor, and is miscible 
with water, alcohol or ether. The acid is obtained from beet¬ 
root molasses and purified by distillation, or produced by oxida¬ 
tion of normal propyl alcohol with chromic acid. The refined 
grade is used in the manufacture of perfume esters and artifi¬ 
cial fruit flavors. A technical grade is also sold for similar 
])urposes and for use in solutions for electroplating nickel. 

Butyric acid or ethylacetic acid, CHa(CH 2 ) 2 COOH, occurs 
as the glyceride in a few fats. Together with free caproic 
acid it produces the odor characteristic of rancid butter. 
Butyric acid is classed as the lowest molecular-weight fatty 
acid. It is a colorless oily liquid, moderately soluble in water 
and miscible with alcohol or ether. It is formed by butyric 
fermentation of sugars, fats and other substances, such as the 
fermentation of molasses residues or of starch paste. Com¬ 
mercial grades are 90 per cent and 95 per cent edible, and 99 
per cent synthetic acid. Since the calcium salt is soluble the 
acid is used as a deliming agent. Many of its synthetic esters 
are important as perfuming or flavoring ingredients. The free 
acid is also used in minor amounts in this way. For synthetic 
purposes, in some cases butyric anhydride, (CH 3 (CIi 2 ) 2 - 
€0)^0, is preferred. 

Crotonic acid, CH3CH :CHCOOH, occurs in croton oil and 
is characterized by the presence of one double bond. Its color¬ 
less crystals are moderately soluble in water and soluble in 
alcohol, ether or petroleum ether. The acid is recovered from 
crude wood distillate or is prepared by heating malonic acid 
with paraldehyde and glacial acetic acid. Another synthesis is 
by the reduction of acetoacetic acid, CH3COCH2COOH, with 
sodium amalgam. It is a relatively expensive material, used 
in organic synthesis and for the stabilization of solutions of 
driers for protective coatings. 

Caproic acid or capronic acid, CnHnCOOH, occurs as the 
glyceride in butter and coconut oil. Being higher in the 
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homologous series than butyric acid, it is almost insoluble in 
water. It is soluble in alcohol or ether and is obtained by 
fractional distillation from crude butyric acid. This acid can 
also be produced by the proper fermentation of cheese. The 
odor resembles that of perspiration. It is an expensive ingred¬ 
ient in organic synthesis, largely for the manufacture of esters. 

Capric acid, CH 3 (CH 2 ) 8 COOH, is recovered from coconut- 
oil fatty acids. It is almost insoluble in water but soluble in 
alcohol or ether, and has an unpleasant odor. Use is for the 
esterification of alcohols, the resulting esters being used in 
flavors or perfumes. 

Myristic acid, CH:j(CH 2 )i 2 COOH, is a white crystalline 
acid, very soluble in alcohol or ether. It may be obtained from 
coconut-oil fatty acids by fractionation, this method displacing 
that of recovery from saponified oil of nutmeg. The acid is 
available in technical and white redistilled grades, for use in 
the synthesis of esters for flavors and perfumes, in cosmetics 
and for making special soaps. 

Gluconic acid or glyconic acid, CH20H(CH0H)4C00H, 
is a sirupy, odorless liquid obtained by the oxidation of glucose 
or cane sugar with chlorine or bromine. It may be largely 
present as an isomer, lactone. The acid is miscible with water 
and is sold in 50 per cent solution for use in tanning, in metal 
cleaning and in medicine. 

Abietic acid, C10H29COOH, is a yellow powder, very sol¬ 
uble in alcohol or ether, obtained by liberation of the acid from 
rosin soap or digestion of rosin with alcohol. It is closely 
related to the fatty acids and its soaps are used in admixture 
with those of fatty acids. The acid is used in the production 
of driers for use in protective coatings. Rosin is largely abietic 
acid but is discussed as a natural resin because of its major use 
in the resin field. 

Tall oil or tallol is a term for a fatty acid from pine wood. 
When the wood chips are pulped, the fatty acids are liberated 
and combine with alkali in the digester as soaps. When sep¬ 
arated from the cellulose they are liberated with acid and 
purified to a greater or lesser extent. Contrary to what might 
be expected, the acids are not mainly abietic but consist of 
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substantial amounts of various acids of the fatty series, with 
sterols, higher alcohols and other unsaponifiable matter. Pro¬ 
portions vary with source and the degree of purification. Rosin 
acids vary from 10-60 per cent, nonacid ingredients from 5-20 
per cent, and fatty acids make up the balance. Constants 
cannot be given because of the wide variation in composition. 
The color is light yellow to almost black. Uses are for re¬ 
placement of fats and fatty acids in soaps, for emulsions, for 
sulfonation, when esterified, as a paint oil, etc. The production 
is increasing rapidly as the United States turns to southern 
woods for pulp supplies, and may exceed 50,000 tons annually 
within a few years. 

Rosin oil is a colorless to brown, odorless, viscous liquid 
obtained as the first fraction boiling above 360° C., in the dis¬ 
tillation of rosin. It contains substantial amounts of free abietic 
acid and is soluble in oils, chloroform or ether. Rosin oil is 
purified by redistillation and quoted as first, second and third 
rectification. Medically it is an antiseptic. Industrially it is 
a non-drying adhesive, a solvent for many complex materials 
such as are used in greases, and is used in inks, varnishes, etc. 

Fatty acids, as the term is used industrially rather than 
scientifically, consist of stearic, oleic and palmitic acids primar¬ 
ily, with several of lesser importance. Solubility in water de¬ 
creases with an increase in the length of the carbon chain, 
caprylic acid, C7H15COOH, being only slightly soluble and 
acids above it less so. The saturated acids above caprylic in 
the series are solids at ordinary temperatures, but even the C 17 
unsaturated acids are liquid. These acids are distributed widely 
in nature, largely in the form of glyceryl esters. They are ob¬ 
tained from the esters known as saponifiable fats or oils, by 
hydrolyzing or saponifying according to various methods. One 
may be by reaction with alkali to form soap and glycerine ; after 
removal of the glycerine the fatty acid is liberated from the 
soap with an inexpensive mineral acid. This is theoretical 
rather than practical. A commercial method of production is 
to hydrolyze the fat with live steam in the presence of a very 
dilute mineral acid and a suitable emulsifying agent, which 
aids in breaking up the fat or oil into small droplets. An 
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aromatic sulfonic acid so used is known as the Twitchell 
reagent and the process as the Twitchell process. The fatty 
acids thus liberated are distilled. 

Fatty acids are often sold in mixed form according to the 
oil from which they are derived, such as linseed-oil fatty acids, 
coconut-oil fatty acids, etc. Aside from use in the production 
of heavy metal salts they are used directly in making soap, 
there being a fine economic balance between producing fatty 
acids and glycerine, then making soap from the fatty acids, and 
making soap by saponification with alkali and separating the 
glycerine from the soap. 

Stearic acid, CH 3 (CH 2 )i 6 COOH, is a white to light yellow 
saturated straight-chain fatty acid. As the glyceride it occurs 
in association with oleic acid in most animal and many vege¬ 
table fats and oils. Beef fat is high in stearic acid. Fatty acids 
with this length of carbon chain are insoluble in water but 
moderately soluble in alcohol or ether. Stearic acid is obtained 
by the hydrolysis of natural fats. Saponification and distilla¬ 
tion types are quoted, the former at a slight premium. Of the 
three subgrades, single-pressed, double-pressed and triple- 
pressed, the single-pressed contains the most admixed oleic 
acid, the triple-pressed the least. While usually sold in cake 
form, some is powdered for sale at a small premium. Stearic 
acid, the fatty acid, is not to be confused with stearin, the 
glycerine ester of stearic acid. Stearic acid is widely used in 
cosmetics, and in candles to harden them. It has many varied 
minor applications which may depend on its rather hard and 
slightly greasy nature rather than on its properties as an acid. 

Oleic acid or red oil, CH 3 (CHo) 7 CH iCHCCHOtCOOH, is 
obtained hy the hydrolysis of natural fats high in olein. It is 
very soluble in alcohol or ether. Since natural fats are always 
mixtures, the oleic acid has to be separated from the solid fatty 
acids present. The fats are saponified and the free fatty acids 
allowed to settle in pans. Insoluble stearic and palmitic acids 
separate as solids, from which the liquid fatty acid is removed 
by means of filter presses. The product corttains some linoleic 
and other fatty acids, and occasionally soap as impurities. 
Practically only about 94-7 per cent of fatty acid is usually 
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present, the balance being hydrocarbons. Red oil is descriptive 
of the cheaper grades, which have a characteristic color and 
odor. W hen further refined the color can be reduced to a faint 
yellow and the objectionable odor removed. Special trade 
names are often assigned to grades. Red oil is used in varied 
special products. Often it is converted to soap during process¬ 
ing. It may even be used to make soap for sale as such, par¬ 
ticularly textile soaps. Red oil is sulfonated and used in other 
ways in textile specialties. 

Ricinoleic acid. CH^{CUo)^Cn(OU)CH2CU 
COOH, occurs as the glyceride in castor oil. It is a light yellow 
liquid of characteristic odor and is miscible with alcohol or 
ether. It is characterized by the presence of one double bond 
and one hydroxyl group. The technical grade as sold is ob¬ 
tained by saponification of castor oil. Its main uses are in 
textile finishes and specialties. 

Palmitic acid, CH3(CH2)i4COOH, is available in only small 
quantities under that name, but as distilled palm oil fatty acid 
is readily available. Other fatty acids are present but the major 
proportion is palmitic acid. The use is limited to compound¬ 
ing special soaps, greases, etc. 

Linoleic acid, CPl3(CHo)4CH iCHCH.CH :CH(CIU)- 
COOH, is isolated from drying oils as a liglit yellow liquid. 
It is characterized by the presence of 2 double bonds. Linoleic 
acid is soluble in the common organic solvents and is used in 
the production of driers for protective coatings and emulsify- 
ing agents. Linseed oil fatty acids are an impure form of 
linoleic acid, also containing the other fatty acids of linseed 
oil. The product is available in dark, light and extra-white 
grades, and is used in the manufacture of driers for protective 
coatings. 

Coconut oil fatty acids are derived from coconut oil and 
contain a large amount of lauric acid, CH3(CH2)ioCOOH. 
They are available in a distilled grade and arc used in produc¬ 
ing soaps and emulsifying agents. 

Mixed fatty acids are often quoted as split oils, and in gen¬ 
eral are the mixture of fatty acids liberated by hydrolysis of 
the respective oils. While the materials available as fatty 
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acids vary from time to time with market conditions, mixed 
fatty acids from any saponifiable oil may appear under favor¬ 
able market conditions. Among those not mentioned pre¬ 
viously are fatty acids from hempseed oil, soybean oil, cotton¬ 
seed oil, chinawood oil, perilla oil, sardine oil and sunflower 
seed oil. In most cases a white grade of fatty acids or split 
oil is available, with exceptions in the case of oils naturally 
(juite dark. Further information about all these fatty acids 
and split oils can be obtained by reference to the composition 
of the oil itself. Such mixed fatty acids have many applica¬ 
tions according to the oil from which derived; in producing 
emulsifying agents, varnish dryers, etc. 

Oxalic acid, (C00H)2,2H20, is sold in the form of color¬ 
less crystals which effloresce in dry air. It is the simplest 
dil)asic organic acid. In the form of the acid potassium salt 
or the calcium salt it occurs in many plants. It is among the 
strongest of the organic acids, and is moderately soluble in 
cold water, extremely soluble in hot, and very soluble in alco¬ 
hol or ether. Oxalic acid is produced from many organic 
oxygen-containing compounds by fusion with caustic alkali. 
Cellulose in the form of wood shavings or sawdust is the usual 
starting material. This is heated with a strong aqueous solu¬ 
tion of potassium and sodium hydroxides at 240-250° C. Milk 
of lime is added to the solution of the salt formed, to precipitate 
calcium oxalate. The latter is treated with sulfuric acid, which 
precipitates calcium sulfate and liberates free oxalic acid. Cal¬ 
cium oxalate may be present as an impurity. It may also be 
produced by the oxidation of sugar with nitric acid. Oxalic 
acid is sold in large volume. It is used as a purifying agent in 
many processes such as in the manufacture of glycerine, as a 
precipitant for lime where its removal is desired, as a bleaching 
agent as in bleaching straw, or wood, to remove ink and rust 
spots because of its ability to form soluble iron compounds, as 
an ingredient of metal polish, largely as a salt, in printing and 
dyeing textiles, and for many analogous purposes. It is 
covered by the Caustic Poison Act, which is given in Appen¬ 
dix A. 
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Maleic acid or maleinic acid (CHCOOH) 2 , is a dibasic acid 
which occurs as a colorless crystalline solid. It is extremely 
soluble in water, very soluble in alcohol and moderately soluble 
in ether. This acid is isomeric with fumaric acid and is ob¬ 
tained by the catalytic oxidation of benzene, from malic acid 
by distillation, or by heating the acetyl derivative of malic 
acid. A technical grade is sold for use in synthetic organic 
chemistry, and in textile dyeing and printing. Maleic acid 
anhydride, (CHC 0 ) 20 , is also an article of commerce, a white 
crystalline material soluble in ether, acetone or petroleum 
ether, produced by dehydration of the acid and used in organic 
synthesis, and as a basis of resin manufacture. 

Fumaric acid, (CHCOOH) 2 , is a white, crystalline solid 
practically insoluble in cold water or ether but moderately 
soluble in hot water or alcohol. It occurs in several plants and 
fungi and is isomeric with maleic acid, the former being the 
trans form, the latter the cis. Fumaric acid is obtained by 
boiling monobromosuccinic acid with water, by heating malic 
acid alone to 150® C., or by heating it with hydrochloric acid, 
by heating maleic acid to 210® C., or by condensing malonic 
acid with glyoxylic acid in the presence of pyridine. It is much 
more expensive than the isomeric maleic acid and is used in 
organic synthesis and in mordanting textiles. 

Malic acid, apple acid or hydroxysuccinic acid, (COOH)- 
CH( 0 H)CH 2 C 00 H, is fairly widely distributed in nature, 
occurring in unripe apples, grapes, mountain-ash berries, cher¬ 
ries, gooseberries, currants, ciuinccs and other fruits. It is a 
white crystalline compound extremely soluble in water and 
very soluble in alcohol or ether. This acid is obtained from 
unripe fruit, mountain-ash berries being most used, and chemi¬ 
cally by the partial reduction of tartaric acid with hydriodic 
acid, or by the catalytic oxidation of benzene. When obtained 
from berries, these are pressed under water and the acjueous 
solution neutralized with lime. The calcium salt of malic acid 
is produced on evaporation. Treatment with sulfuric acid 
precipitates the calcium and liberates free malic acid. The 
technical grade is used in medicine, in the synthetic production 
of other chemicals and in food products. 
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Tartaric acid, dihydroxy succinic acid or dextro-tartaric acid, 

[CH(0H)C00H]2, is a colorless crystalline acid extremely 
soluble in water, moderately soluble in alcohol and slightly 
soluble in ether. It is widely distributed in nature, occurring 
abundantly in grapes. Tartaric acid is obtained in the form 
of acid potassium tartrate from the residues known as argols 
formed in wine vats during the fermentation of grape juice. It 
is separated as calcium tartrate and the salt decomposed with 
sulfuric acid. U.S.P. and technical grades are sold, both do¬ 
mestic and imported. The U.S.P. standard requires 99.5 per 
cent purity. It is used as the acid potassium salt in one form 
of baking powder, for the preparation of various tartrates, in 
tanning, in photography, in the textile industry, as a fruit acid 
in foods and lieverages, and in various minor ways. 

Seidlitz mixture or Seidlitz powder is an effervescent U.S.P. 
composition. The acid ingredient is tartaric acid, the alkaline 
ingredient a mixture of one part of sodium bicarbonate and 
three parts of sodium and potassium tartrate. These are used 
in the proportion of 2-2.4 grams of the acid ingredient and 
9.5-10.5 grams of the alkaline salts, to be mixed just before 
adding water. 

Citric acid or hydroxy tricarboxylic acid, C.^H 4 (OH)- 
(CC) 0 H) 3 ,Hi> 0 , may be in the form of colorless crystals or 
a white powder. It is extremely soluble in water or alcohol 
and moderately soluble in ether. The crystals effloresce in 
dry air and deliquesce in moist air. It is present in the juice 
of lemons, oranges, citrons, currants, gooseberries and other 
fruits and bulbs, and it is made on a large scale from lime or 
lemon juice. The juice is fermented for some time to free it 
from mucilaginous materials, then boiled, filtered and neutral¬ 
ized with calcium carbonate and milk of lime. The insoluble 
calcium citrate is decomposed with dilute sulfuric acid, filtered 
and evaporated to remove calcium sulfate. The crystals are 
finally obtained from the concentrated liquid. Tartaric acid 
may be present as an impurity, as this is also a naturally 
occurring acid in many of these fruits. Crystalline, granular 
and anhydrous forms may be obtained. The U.S.P. standard 
requires 99.5 per cent purity. Citric acid is used in flavoriijg 
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extracts, confectionery, soft drinks, in medicine as a mild 
astringent, to produce effervescence with bicarbonates, for the 
preparation of citrates, in calico printing, and in electroplating. 

Succinic acid or ethylenedicarboxylic acid, (CHoCOOH)!], 
occurs in amber, in fossilized wood and in many plants. The 
colorless crystals are moderately soluble in cold water or alco¬ 
hol, exceedingly soluble in hot water and slightly soluble in 
ether. The acid is ol^tained by the distillation of amber or 
by the fermentation of calcium malate or ammonium tartrate. 
Succinic acid is also produced synthetically by the reaction of 
dichloroethane and sodium cyanide, followed by hydrolysis 
and neutralization of the resulting succinic acid salt. It is used 
in organic synthesis and in medicine. On ])rolonged heating it 
forms succinic acid anhydride, (CH 2 C 0 ) 20 . 

Adipic acid, HOOC(CH 2 ) 4 COOH, is a white to yellow 
powder produced by the oxidation of fats and oils by nitric 
acid. It is slightly soluble in cold water and soluble in alcohol 
or hot water. Its use is in organic synthesis and in resin 
manufacture. 

Sebacic acid or 1 , 8 -octane-dicarboxylic acid, HOOCChHi«- 
COOH, is a colorless to yellow crystalline acid obtained by 
the dry distillation of castor oil with sodium hydroxide. It is 
almost insoluble in water but very soluble in alcohol or ether. 
Sebacic acid is used in the manufacture of plastics and candles, 
but mainly in the form of its esters in perfumes and flavors. 

Benzoic acid, CoHnCOOH, is the simplest acid of the 
aromatic series. It occurs in white crystals and is slightly 
soluble in cold water, moderately soluble in hot, and very 
soluble in alcohol or ether. The acid is usually prepared from 
toluene, which is chlorinated to form benzotrichloride, € 011 .",- 
CClri, which in turn is heated with milk of lime to form calcium 
benzoate. The latter is decomposed with mineral acid to form 
free benzoic acid. It also occurs as a by-product in the conver¬ 
sion of toluene to benzaldehyde in the form of calcium benzoate, 
w^hich is easily converted to benzoic acid. Toluene may be di¬ 
rectly oxidized to benzoic acid by means of manganese persul¬ 
fate and sulfuric acid, the benzoic acid being recovered by dis¬ 
tillation with steam, but this is not a commercial process. 
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Benzoic acid occurs naturally in gum benzoin and as an ester in 
I’eru and Tolu balsams. The U.S.P. grade must be 99.3 per cent 
pure. A technical grade is also sold. It is used for seasoning 
tobacco, for the manufacture of benzoates, as a mordant in 
calico printing, in organic synthesis, and as a preservative and 
antiseptic. When used in food products as the acid or as sod¬ 
ium l)enzoate, it must be declared on the label and must not ex¬ 
ceed 0.1 per cent as sodium benzoate. Practically speaking it is 
the acid which is usually used as a food preservative but is only 
efTective in most products in solutions of pH about 4.5-5.0. 
Many of its esters are used in flavors or perfumes. 

Benzoyl chloride, C({IIr,COCI, is a colorless, pungent liquid 
decomposed by water or alcohol but miscible with anhydrous 
solvents. It is prepared by the action of phosphorus tri- or 
pentachloride on benzoic acid. The acid chloride is used as an 
intermediate in making organic compounds. 

Benzoyl peroxide, (C(5lIr»CO)202, is a white crystalline sub¬ 
stance insoluble in water but soluble in alcohol, carbon bisul¬ 
fide or oils. It is formed by the treatment of benzoyl chloride 
with barium peroxide. Aside from use in organic synthesis, it 
is a bleaching agent for oils, waxes, flour, etc. 

Salicylic acid, orA/m-hydroxybenzoic acid, or 6>-hydroxy- 
benzoic acid, ITOCoHiCOOH, crystallizes in white needle¬ 
like crystals, almost insoluble in water but very soluble in alco¬ 
hol or ether. It occurs in the leaves and stems of tulips and 
hyacinths, and as the methyl ester in oil of wintergreen. This 
acid is prepared from phenol, which is converted into the 
sodium salt and then heated under pressure with carbon di¬ 
oxide. The sodium salt of salicylic acid thus obtained is dis¬ 
solved in water, decolorized, acidified with mineral acid, and 
the free salicylic acid allowed to crystallize out. It is sold in 
a U.S.P. grade 99.5 per cent pure, and as technical. IVIajor uses 
arc in the manufacture of azo dyes and intermediates, drugs, 
and therapeutic agents. It has been widely used as a pre¬ 
servative in food, beer and wine, but its use in food has been 
ftjrbidden in the United States, even if declared on the label. 
Salicylic acid is used as a preservative in many nonfood 
products. 
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Acetylsalicylic acid or aspirin, CH3CO2C0H4COOH, is a 
white crystalline powder obtained by the action of acetic 
anhydride on salicylic acid at an elevated temperature. Sali¬ 
cylic acid may be present as an impurity. It is slightly soluble 
in water but very soluble in alcohol or ether. The U.S.P. grade 
is sold at a purity of 99.5 per cent as a cure for headache. The 
term aspirin was formerly a trade name but is not now re¬ 
stricted. 

Anthranilic acid, ortlio-aminohenzoic acid or o-aminoben- 
zoic acid, H2NC0H4COOH, occurs as yellow crystals slightly 
soluble in water and very soluble in alcohol or ether. It is 
obtained by treating phthalimide with an alkaline hypobrornite 
solution. Refined and technical grades are used in the manu¬ 
facture of dyes, particularly indigo, and in the synthesis of per¬ 
fumes and pharmaceuticals. 

Para-aminobenzoic acid or /)-aminobenzoic acid, H2NC6H4- 
COOH, is an isomer of anthranilic acid. It appears in the 
form of yellow to white crystals having solubilities similar to 
those of the ortho compound. This acid is obtained by the 
reduction of /)ara-nitrobenzoic acid, or by oxidizing the acetyl 
derivative of />ara-toIuidine and hydrolyzing the resulting 
acetamino acid. It is used in the synthesis of dyes and phar¬ 
maceuticals. 

Phthalic acid or benzenedicarboxylic acid, CoH 4 (COOH) 2 , 
is relatively unimportant but phthalic anhydride, CgH4(C0)20, 
is important. The anhydride occurs as large white needles, 
slightly soluble in hot water or ether but soluble in alcohol. 
It is prepared by the atmospheric oxidation of naphthalene at 
about 500° C. in the presence of vanadium oxide as a catalyst. 
Phthallic anhydride is used in synthetic organic chemistry for 
the manufacture of phthaleins such as phenolphthalein and 
dyes. It is a major ingredient of the phthalic anhydride resins, 
in which it reacts with glycerine. 

Phenylacetic acid, alpha-toluic acid or a-toluic acid, 
CoHr,CH 2 COOH, is a white crystalline solid prepared by the 
alkaline hydrolysis of benzyl cyanide, which is formed by the 
action of potassium cyanide on benzyl chloride. This acid is 
moderately soluble in water but extremely soluble in alcohol 
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or chloroform. It is an expensive ingredient in organic syn¬ 
thesis, and since it has a rose-like odor is used as an odorant and 
fixative in clover, neroli and jasmine perfumes, as well as in 
soaps. 

Mandelic acid or amygdalic acid, C6H5CH(OH)COOH, is 
phenylhydroxyacetic acid, a white crystalline substance sol¬ 
uble in water, alcohol or ether. It is produced by the reaction 
of benzaldehyde with potassium cyanide in acid solution, fol¬ 
lowed by saponification of the nitrile produced. It is used 
in synthetic organic chemistry as an intermediate. 

Cinnamic acid, ^(?/a-phenylacrylic acid or )0-phenylacrylic 
acid, C0H5CH iCHCOOH, is a white crystalline solid very sol¬ 
uble in absolute alcohol or ether. It occurs naturally in Peru 
and Tolu balsams, and in storax. The product is commonly 
prepared by heating benzaldehyde, acetic anhydride and 
anhydrous sodium acetate to about 180*" C., making the mix¬ 
ture alkaline with sodium carbonate, and removing excess ben¬ 
zaldehyde by a current of steam. The residual liquid is acidified 
with hydrochloric acid, which precipitates cinnamic acid. It 
is recrystallized from hot water. Other methods of prepara¬ 
tion are by the reduction of phenyl propionic acid with zinc 
and acetic acid, by heating benzal malonic acid, or by conden¬ 
sing ethyl acetate with benzaldehyde in the presence of sodium 
ethylate. Refined cinnamic acid and its esters are used in the 
production of perfumes. The sodium salt and various esters 
are used therapeutically. 

Sulfanilic acid, />ara-aminobenzene sulfonic acid or />-amino- 
benzenesulfonic acid, HoNC6H4S03H,2H20, is prepared from 
aniline by heating it with concentrated or fuming sulfuric acid 
and pouring the cooled reaction product into cold water. The 
colorless efflorescent crystals are moderately soluble in water 
but very slightly soluble in alcohol or ether. Both C.P. and 
technical grades are available. It is used in organic synthesis 
as an important intermediate as in the production of quinone, 
dyes, etc. Aniline disulfonic acid or aminobenzene disulfonic 
acid, H 2 NC«H 3 (S 03 H) 2 , is the product of similar but more 
drastic treatment and is similarly used. 
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Metanilic acid, ^i^rfa-aminobenzene sulfonic acid or 
m-aminobenzene sulfonic acid, H 2 NCoH 4 S 03 H,l 3 / 2 H 20 , is 
isomeric with sulfanilic acid. It is much more expensive be¬ 
cause produced by sulfonation of acetanilide and subsequent 
saponification of the acetamino group. The colorless crystals 
are soluble in water, alcohol or ether, and are used in organic 
synthesis. 

Or///o-toluene sulfonate or toluene t7r//zc7-sulfonic acid, 
CH 3 CoH 4 S 03 H, 2 H 20 , is a white crystalline compound, very 
slightly soluble in water and soluble in alcohol. It is a product 
of direct sulfonation of toluene and is used in synthetic organic 
chemistry, largely as a dye intermediate. 

Para-toluene sulfonechloride, CH 3 C({H 4 S 02 Ch is a crystal¬ 
line compound resulting from treating toluene with chlorosul- 
fonic acid. It is a dyestuff intermediate. 

Gallic acid, CQHn(OU):iCOOHM20. is a colorless or slight¬ 
ly yellow crystalline solid moderately soluble in water or ether 
and very soluble in alcohol. It occurs in gallnuts, sumach, 
Chinese tea, pomegranate and root-bark. Chemically the struc¬ 
ture is 3,4,5-trihydroxybenzoic acid. A paste of powdered gall- 
nuts and water is allowed to stand for several weeks, when the 
tannins present are slowly decomposed by the action of mold. 
Finally the paste is boiled with water and filtered. Crude gallic 
acid crystallizes out on cooling. N.F. VI and technical grades 
are sold. While a U.S.P. grade is occasionally quoted it refers 
to U.S.P. IX, now obsolete. It is used in the manufacture of 
several dyes such as anthracene brown and galloflavin, in writ¬ 
ing ink, photography, paper manufacture, process engraving, 
as a special tanning agent and in pharmaceuticals. 

Tannic acid, gallotannic acid, digallic acid, or tannin, occurs 
in gallnuts and the bark of various trees such as Sumach, oak 
and hemlock, and in other plant products. There are varied 
structures and the formula, C 14 H 10 O 9 , is only an average value. 
In the pure form it varies from light yellow to brown and is 
extremely soluble in water, alcohol or ether. It is a reducing 
agent and also a precipitant for many alkaloids and proteins. 
Its most characteristic property is the ability to form an in¬ 
soluble compound with collagen, which constitutes the tan- 
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ning of leather. Tannic acid is a strong astringent. It is ob¬ 
tained from gallnuts by extraction with alcohol and water, or 
alcohol, ether and water. Commercial grades are U.S.P., con¬ 
taining not over 12 per cent of moisture, and technical. It is 
used as a mordant in dyeing, as a constituent of inks, in the 
fining of wines, and in numerous other ways suggested by the 
above properties. Leather is tanned with tannic acid in cruder 
forms, such as sumac extract, quebracho extract, gambier ex¬ 
tract, etc. 

Camphoric acid, C8Hi4(COOH)2, is obtained as colorless 
crystals by oxidizing camphor with nitric acid. It is slightly 
soluble in water but extremely soluble in alcohol or ether. This 
is a relatively expensive ingredient of pharmaceuticals. 

Coumarin, C 9 H 0 O 2 , is or//m-hydroxycumaric anhydride, 
the lactone of ^?r///o-hydroxycumaric acid, a colorless crystal¬ 
line compound, very soluble in chloroform and moderately sol- 
u])le in alcohol. It has a fragrant odor like that of new-mown 
hay, and is isolated from Tonka beans or prepared synthetically 
by the reaction of salicylic aldehyde, sodium acetate and acetic 
anhydride. Another synthesis is by the chlorination of dicresyl 
carbonate and heating with acetate anhydride and anhydrous 
sodium acetate. It is used in perfumery, and in flavoring 
preparations of various types to give a vanilla-like taste. While 
but little less expensive than vanillin, it imparts about three 
times as much flavor per unit of weight. Methyl coumarin, 
CioHsO^, is more powerful in odor and flavor value and more 
ex])cnsive. 

Undecalactone or peach aldehyde, having the structure 
CH:i(CH 2 )«CH(CH; 02 CO is a lactone of an acid, rather than 

an aldehyde. It results from the destructive distillation of 
castor oil in the presence of superheated steam, followed by 
treatment of the resulting products with sulfuric acid to form 
the lactone. It is alcohol-soluble, and is’ used in peach and 
berry flavors, in jasmine-type perfumes, and in cosmetics for 
its peach odor. 

Phenolphthalein, (CgH 40 H) 2 C 0 C,)H 4 C 0 , is a derivative 
of triphenylmethane, a cyclic acid anhydride, and is prepared 
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by heating phthalic anhydride with phenol in the presence of a 
dehydrating agent. The compound is a white or light yellow 
solid, colorless in acid solution, but undergoing molecular re¬ 
arrangement in alkaline solution to give a pink color. With a 
large excess of alkali it again becomes colorless. It is soluble 
in alcohol, ether or aqueous alkali, only slightly soluble in 
water. Yellow, and a U.S.P. grade, melting not below 258° C., 
are sold, the yellow being slightly cheaper. It is used in medi¬ 
cine as a laxative. 

Santonin, CmHigOa, is a white crystalline compound ex¬ 
tracted from santonica, the unopened flowers of Artcmesia 
pmciflora. It is the lactone of santoninic acid. The commercial 
forms are colorless plates or powder. Santonin is slightly sol¬ 
uble in water and very soluble in alcohol or ether. It darkens 
on exposure to light and is a U.S.P. preparation melting be¬ 
tween 169° and 171° C. Its use is in medicine as an anthel¬ 
mintic, tonic and emmenagogue. 

Naphthenic acid, as sold, is not the hexahydrobenzoic acid, 
CoHiiCOOH, implied, but a complex mixture. The products 
are recovered from the petroleum industry, more particularly 
abroad, and sold in suspension or in solution in petroleum oil. 
The commercial forms are sold as sludges and in solutions 
with Saybolt viscosities of 240-280, 210-230 and 120-200. They 
are used, mainly as sodium salts, as emulsifying and wetting 
agents and for refining to form metal naphthenates. When 
sulfonated sulfonaphthenic acids are obtained, an equally 
crude mixture which is more soluble in water. 

Furoic acid, pyromucic acid or furane carboxylic acid, 
C4H3OCOOH, occurs as white to yellow crystals, moderately 
soluble in water and very soluble in alcohol or ether. It is 
produced by oxidation of furfural with alkaline permanganate. 
One name developed from a method of production, which was 
by heating mucic acid to 180° C. It is used for further steps in 
organic synthesis, and in the preparation of bactericides and 
fungicides. 

A series of complex naphthalene sulfonates are used as 
dye intermediates. They are largely known by special 
names rather than by their structural names. The processes 
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of manufacture are usually complex, involving differences in 
degree of sulfonation, etc. Neville and Winther’s acid is 
l-naphthol- 4 -sulfonic acid or a//>/ia-naphtholsulfonic acid, 
HOCioHeSOaH. Peri acid or naphthionic acid is 1-naphthyl- 
amine-8-sulfonic acid, H2NCioHeS03H. Cleve’s acid is a mix¬ 
ture of l-naphthylamine-6-sulfonic acid and 1-naphthylamine- 
7-sulfonic acid, H2NC1OH0SO3H. Epsilon acid is 1-naphthyl- 
amine- 3 , 8 -disulfonic acid, H2NC10H5(SO3H) 2. Schoelkopf’s 
acid is l-naphthylamine- 4 , 8 -disulfonic acid, H2NC10H5 
(S03H)2. Koch’s acid is l-naphthylamine- 3 , 6 , 8 -trisulfonic 
acid, H2 NCioH4(S03H)3. 1 , 2,4 acid is l-amino-2-naphthoM- 
sulfonic acid, HoNCioH5(OH)S03H. S acid is l-amino-8- 
naphthoM-sulfonic acid, NH2CioH5(OH)S03H. H acid is 
l-amino- 8 -naphthol- 3 , 6 -disulfonic acid, H2NCi()H4(OH)- 
(S03H)2. Chicago acid or SS acid is l-amino-2-naphthol-2, 
4 -disulfonic acid, H2NXioH4(OH)(S03H)2. Laurent’s acid is 

1- nitronaphthalene- 5 -sulfonic acid, O2NC10H6WSO3H. Tobias’ 
acid is 2-naphthylamine-l-sulfonic acid, H2NC10H6SO3H. 
Broenner’s acid is 2-naphthylamine-6-sulfonic acid, H2NC10H6 
SO3H, Monosulfonic acid, Cassella’s acid or F acid is 

2 - naphthylamine- 7 -sul{onic acid, H2NC10H6SO3H. J acid is 

2 -amino- 5 -naphthol- 7 -sul{onic acid, H2NCioH5(OH)S03H. 
Gamma acid is 2-amino-8-naphthol-6-sulfonic acid, H2NC10H5 
(0H)S03H. 2 R acid is 2 -amino- 8 -naphthol- 3 , 6 -disulfonic 

acid H2NCoH 4(OH)(S03H)2. All are dyestuff intermediates. 

Ascorbic acid or cevitamic acid, CoHgOe, is vitamin C, the 
first vitamin identified as to structure. It was formerly called 
hexuronic acid, but the implied structure is incorrect. vStrictly 
speaking, it is not structurally an organic acid but has acidic 
l)roperties. It is isolated from citrus fruit juices and also pro¬ 
duced synthetically by the controlled oxidation of dextrose. 
Ascorbic acid is very expensive, and only used medically. 

Ichthyol consists of the ammonium salt of a sulfonated 
hydrocarbon of mineral origin. Ichthyol is soluble in water or 
light petroleum hydrocarbons and partially soluble in alcohol 
or ether. It is manufactured from the distillate of bituminous 
shales found in Seefeld, Tyrol, and is a dark liquid with an 
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odor related to that of crude oil. It is used medically as an 
antiphlogistic and antiseptic. Use is largely external. 

Sulfonated oils are a form of processed oils. The term is 
incorrect since the oils are sulfated and contain the “OSO 2 OH 
group, not the —SO 2 OH group bound directly to carbon. The 
trade term of sulfonated oil may be expected to persist. The 
general process of so-called sulfonation is by agitation with 
sulfuric acid, which adds at an unsaturated linkage, or in the 
case of castor oil by reaction with the hydroxyl group of the 
ricinoleic acid ester. The temperature is carefully controlled 
during this operation. An alternative process makes use of 
sulfonyl chloride. After sulfonation, excess sulfuric acid is 
neutralized in whole or in part, and the oil washed with sodium 
sulfate solution, in which the oil is substantially insoluble. 

Sulfonated oils are soluble in water, some giving a clear 
solution, others a cloudy dispersion. Trade requirements for 
special purposes depend on the stability to acid and other spe¬ 
cial properties. The sulfonated oils of commerce always con¬ 
tain water, sodium sulfate, free fatty acid, or the soap produced 
from it by neutralization, and unsulfonated raw material, as 
well as the fatty glyceride sulfate (sulfonate). Sulfonated 
fatty acids are also available although not commonly c[uoted. 
Grades of sulfonated oils are significant only as indicating the 
fat content and total sulfonated materials. The same grade 
differs from batch to batch, so that reliable standardization is 
only approximated at best by the manufacturer’s blending of 
several batches. The quoted grades arc very numerous, those 
which follow being only representative. Uses of sulfonated 
oils arc as wetting agents, detergents, assistants in dyeing, 
emulsifying agents, softening agents on textiles or leather, etc. 
Varied grades are preferred by different industries and even by 
different plants in the same industry often without adequate 
technical reason. 

Sulfonated castor oil is the most common sulfonated oil. 
It is still called Turkey-red oil because of its use in dyeing 
with alizarin. Commercial grades are 50 per cent (48 per cent 
fat), 75 per cent (63 per cent fat), and 80 per cent (68 per cent 
fat). The first is but slightly sulfonated, the latter two more 
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higl’hly snlfonated. Sometimes grades arc referred to as single 
sulfonated and double sulfonatcd, the latter being much more 
expensive. 

Sulfonated neatsfoot oil is sold with a 25 per cent moisture 
content. See comments on neatsfoot oil, which is itself widely 
adulterated. 

Sulfonated olive oil is sold as 50 per cent (43 per cent fat), 
75 i)er cent (63 per cent fat), and 80 per cent (68 per cent fat). 

Sulfonated tallow is probably sulfonated at the unsaturated 
bonds of the oleo oil which is always present, or at the oleic 
radicals of the mixed glycerides, (jrades are 35 per cent (24 
per cent fat), and 50 per cent (48 per cent fat). 



CHAPTER XXIII 


AMINES, NITRO COMPOUNDS, AND VARIOUS 
ORGANIC NITROGEN DERIVATIVES 

The amines and nitro compounds logically fall together 
because amines are usually obtained by reduction of nitro 
derivatives. Because of their interrelation other nitrogen 
derivatives, excepting proteins, are included. Amines may be 
primary, RNHo, secondary, RoNH or tertiary, RsN. They 
form salts with acids, and in other ways have properties similar 
to those of inorganic bases, but are less reactive. The naming 
of the NHo compounds offers many difficulties. When the NHo 
group is attached directly to a hydrocarbon radical they are 
called amines or amino compounds. When the amino group 
replaces the hydroxyl of an acid, as in RCONH 2 from RCOOH, 
they are amides or amido compounds. The amides may be 
primary, secondary or tertiary as described for amines, but 
only primary amides are important commercially. There is a 
tendency to confuse nomenclature for amino and amido com¬ 
pounds, so that some names in commercial use do not strictly 
follow this scientific usage. Secondary amines and amides are 
sometimes called imines and imides. Nitro compounds some¬ 
times drop an “o” in commercial nomenclature as nitraniline 
for nitroaniline. The latter is a preferred form. 

All aromatic nitro and amino compounds are poisonous to 
some degree. To avoid repetition this will be noted only in 
cases where unusual caution is necessary. 

Trichloronitromethane, nitrochloroform or chloropicrin, 
CCI3NO2, is a colorless liquid with an intense odor. It is only 
slightly soluble in water but mixes with alcohol or ether. 
Chloropicrin is prepared by mixing bleaching powder to a paste 
with cold water, adding picric acid and distilling. It is sold in 
cylinders of 185-pounds capacity and smaller, and is used as 
an insecticide and parasiticide, in organic synthesis, and as a 
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war gas. It is a lachrymatory, and its inhalation produces 
severe headaches, 

Hydroxylamine, NH 2 OH, is the simplest ammonia deriva¬ 
tive. In it one hydrogen has been replaced by an hydroxyl 
group. Commercially it is handled as the white crystalline 
salt, hydroxylamine hydrochloride, NH20H,HC1. It is a prod¬ 
uct of the reduction of ammonium chloride by powerful reduc- 
ing agents, an electrolytic reduction being typical. Uses are 
as a strong reducing agent as in photographic developers, and 
in organic synthesis. 

Methylamine, CH3NH2, is the simplest hydrocarbon sub¬ 
stitution product of ammonia, in which one hydrogen has been 
replaced by the methyl group. It is readily produced by the 
treatment of methyl halides with ammonia under pressure. 
The same reaction gives secondary and tertiary amines, the 
quantity of each being controlled by conditions. Commer¬ 
cially it is sold as an aqueous solution containing about 35 per 
cent of the amine. The use of this in synthetic organic chem¬ 
istry is limited because the higher boiling primary amines such 
as amylamine, are easier to handle. 

Dimethylamine, (CHh) 2 NH, is the simplest secondary 
amine, produced as described under methylamine. It is a gas 
at room temperature, has the general odor of ammonia, and is 
very soluble in alcohol or water. It is sold as a liquid under 
pressure, or as a 25 per cent or 40 per cent aqueous solution. 
Uses are in organic synthesis and as a rubber accelerator. 

Trimethylamine, (CH 3 ) 3 N, is the simplest tertiary amine, 
produced as described under methylamine. It is a gas with a 
fishy odor, and is soluble in ether and very soluble in water or 
alcohol. Trimethylamine is sold in aqueous solution for use 
in synthetic organic reactions. 

Diethylamine, (C2Hr,)2NH. is a substitution product of am¬ 
monia in which two hydrogens have been replaced by ethyl 
groups. It is a colorless alkaline liquid produced, along with 
primary and tertiary amines, by treatment of ethyl halides with 
ammonia, under pressure. The alkaline liquid has an odor 
resembling that of ammonia, and is very soluble in water and 
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soluble in alcohol or ether. It is relatively expensive, which 
limits its use in synthetic organic chemistry. 

Monobutylamine or butylamine, C4M9NH2, is a colorless 
liquid prepared by the reaction of the corresponding chloride 
with ammonia under pressure. It has an ammoniacal odor and 
mixes with water, alcohol or ether. Butylamine is used for 
organic synthesis, although the commercial material is a mix¬ 
ture, as indicated by its distilling over a range of about 20° C. 
Dibutylamine, (C 4 H 9 ) 2 NH, is similar but less soluble in water, 
and is used for similar purposes. Tributylamine, (C 4 H«j) 3 N, 
is a yellow liquid, almost insoluble in water but similar in 
other properties and in uses. 

Amylamine or monoamylamine, CnHuNHo, is a colorless 
liquid with an ammoniacal odor, soluble in water or alcohol and 
miscil)le with ether. It may be prepared along with the second¬ 
ary and tertiary compounds by heating amyl chloride with 
ammonia under pressure. The product is recovered by frac¬ 
tionation from the mixed amines, and is a mixed material, 
since several isomeric amyl derivatives arc present. It distils 
over a range of about 30° C. This contains over 90 per cent of 
mixed amines and is used in organic synthesis. Other uses 
are as a solvent for gums, resins and esters, as a corrosion in¬ 
hibitor, and to form soaps used as whetting agents, emulsify¬ 
ing agents and lubricants. Diamylamine, (Cr,Hii) 2 NII, is an¬ 
other mixture of isomers, which is a colorless to light yellow 
liquid. It is similar to the monoamine in many w'ays and is 
used for organic synthesis and as a solvent. Triamylamine, 
(C.-jHiOsN, is a mixture, also recovered from the mixed amines. 
The yellow liquid is insoluble in w^ater but miscible w ith alcohol 
or ether. It also is used in organic synthesis, as an insecticide, 
and as a corrosion inhibitor. The fractionated amylamines are 
relatively expensive, and a commercial mixture containing 
about 60 per cent of monoamine and 40 per cent of diamine is 
sometimes substituted. 

Triethanolamine, (HOC2Hr,)3N, is a colorless to yellow 
liquid wdth an odor of ammonia. It is miscible with water or 
alcohol and soluble in ether. The product is prepared by the 
reaction of ethylene oxide and ammonia under pressure. Com- 
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mercially it contains about 82.5 per cent of triethanolamine, 
15 per cent of diethanolamine and 2.5 per cent of monoethanol- 
amine. It is basic in nature and reacts with fatty acids to form 
soaps. Important uses are as an emulsifying agent, particu¬ 
larly in the form of its soaps, and for absorption of acid gases. 
It is a good wetting agent and is a form of very soluble aliphatic 
amine available at a reasonable price. Diethanolamine, 
(H(JC 2 Hr,)i>NH, and monoethanolamine, HOC 2 H 5 NH 2 , are 
also sold in somewhat impure form at somewhat higher prices. 
The mono compound is more alkaline than ammonia, the di 
compound intermediate between ammonia and the tri com¬ 
pound. 

Aldehyde ammonia, CH 3 CH(OH)NH 2 , is the white crystal¬ 
line product resulting from condensation of acetaldehyde and 
ammonia. It turns brown in the air, is very soluble in water 
or alcohol, and is slightly soluble in ether. The compound is 
an intermediate step in the preparation of pure acetaldehyde 
and is used as a rubber accelerator and in organic synthesis. 

Acetamide or acetic acid amide, CH3COXH2, is a white 
delicpiescent crystalline compound prepared by the reaction of 
ethyl acetate and ammonium hydroxide, or of ammonium car¬ 
bonate and acetic acid. It is exceedingly soluble in water and 
very soluble in alcohol or ether. Acetamide frequently has an 
odor like that of mice from impurities usually present. Both 
C.P. and technical grades are available. The compound is used 
in organic synthesis. 

Ethylene diamine, C 2 H 4 (NH 2 ) 2 , is a colorless liquid soluble 
in water and organic solvents, and is typical of a large number 
of diamines which have not attained large commercial distri¬ 
bution. It is produced by reaction of ethylene dichloridc with 
ammonia under pressure. It has a high alkalinity for its 
molecular weight, and is used as a neutralizing agent for spe¬ 
cial purposes, as a corrosion inhibitor, and in organic synthesis. 
Morpholine, HN(C2H4)20, is the similar structural derivative 
of ethylene oxide, higher in boiling point and of lower neutral¬ 
izing value. 

Phenylhydrazine hydrochloride, C«Hr,NHNH 2 ,HCl, is a 
colorless crystalline material prepared by reducing benzene 
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diazonium chloride with stannous chloride and hydrochloric 
acid. It is very soluble in water and soluble in alcohol or 
ether. Grades sold are C.P., commercial and pure. This salt 
is used in organic synthesis as an expensive intermediate. It 
produces skin eruptions on exposure to it, and is merely a con¬ 
venient form of handling the free base, phenylhydrazine, 
C6H5NHNH2. The simple base hydrazine, H2NNH2 and its 
salt hydrazine hydrochloride, H 2 NNH 2 ,HC 1 are relatively un¬ 
important. 

Urea or carbamide, CO(NHo) 2 , is a white crystalline com¬ 
pound extremely soluble in water, moderately soluble in alco¬ 
hol, and slightly soluble in ether. It is prepared by heating 
ammonium cyanate, by heating ammonium sulfate and potas¬ 
sium cyanate, or hy treating calcium cyanamide with dilute 
acid. The pure material is available for use in organic syn¬ 
thesis, the preparation of resins, etc. Domestic and imported 
grades containing 46 per cent of nitrogen are sold for use in 
fertilizers. Thiourea, CS(NH2)2» is similar but of lesser im¬ 
portance, as is also guanidine, HNC(NH2)2. The latter is 
much more expensive. 

Barbital, veronal or barbitone, (C2Hr,)2C(CONII)2CO, is 
prepared by the reaction of the diethyl ester of malonic acid 
and carbamide. It may be considered as a substituted urea, 
diethylmalonyl urea, or as diethylbarbituric acid. It is a 
white, sublimable, crystalline compound slightly soluble in 
water, soluble in alcohol and very soluble in ether. The U.S.P. 
grade melts between 187° and 190° C. Aside from medical use 
as a sedative and hypnotic, it is reported to be a stabilizer for 
hydrogen peroxide, and to be used in plastics. Soluble barbital, 
sodium barbital, sodium veronal or sodium barbitone is sodium 
diethylbarbitate or sodium diethylmalonyl urea, ChHuO.jNj 
N a. It contains 88-90 per cent of barbital according to U.S.P. 
standards, and is used medically in the same way as barbital. 

Phenobarbital or luminal is phenylethylbarbituric acid, 
(NHC0)2 .'(CO) :C :(C 2 Hr,)(C«Hr,), a white crystalline com¬ 
pound prepared by the condensation of urea with derivatives 
of phenylethylmalonic acid. It is very slightly soluble in water 
but very soluble in alcohol or ether. The U.S.P. grade melts 
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between 173° and 177° C. and has the same meclical use as 
barbital. 

Diphenylguanidine, or DPG, NH :C(NHC 6 H 5 ) 2 , is pre¬ 
pared by treating aniline with cyanogen chloride. It is a white 
crystalline material, slightly soluble in water or ether, and 
moderately soluble in alcohol. DPG is used as an accelerator 
in the vulcanization of rubber. 

Triphenylguanidine, CoH^N :C(NHC 6 Hr,) 2 , is a white 
crystalline compound prepared by removing the sulfur from 
thiocarbanilide in the presence of aniline by heating in alcohol 
with lead monoxide. It is very soluble in ether or absolute 
alcohol, and is used as an accelerator in the vulcanization of 
rubber. 

Diorthotolylguanidine, CH 3 C 6 H 4 NCNH 2 NHQH 4 CH 3 , is 
a white powder prepared by the removal of sulfur from di- 
orthotoluolthiourea with lead monoxide in the presence of am¬ 
monium hydroxide. It is soluble in alcohol or ether aiid is 
used as a rubber accelerator. 

Hexamethylenetetramine, methenamine, formin or uro- 
tropin, (CH 2 )«N 4 , is a colorless crystalline material prepared 
by the reaction of ammonia with formaldehyde. It is extremely 
soluble in water, moderately soluble in alcohol. A U.S.P. grade 
99 per cent pure, and a technical grade are sold. It is used in 
medicine as an antiseptic, and industrially as an absorbent for 
phosgene, as a rubber accelerator and in synthetic resin manu¬ 
facture. 

Nitrobenzene, nitrobenzol or oil of mirbane CcHnXOo, is a 
light yellow, oily liquid of characteristic odor somewhat re- 
sembling that of oil of bitter almonds. It is slightly soluble in 
water and miscible with alcohol or ether. Nitrobenzene is 
l)roduced by the reaction of nitric acid with benzene, preferably 
with sulfuric acid as a dehydrating agent. The double-distilled 
product is sold. Nitrobenzene is the starting point for the 
production of aniline, and therefore produced from benzene in 
tremendous (piantities for use in the synthesis of organic 
chemicals. It is also used for its almond odor and for its solvent 
properties. For the latter applications it has been included 
in such products as metal polish, shoe polish, soaps, etc., for 
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household use. In sucli cases its use is dang-erous as it is highly 
poisonous, even by inhalation of the fumes. Therefore its 
inclusion in many products is now forbidden by law. 

Aniline or aniline oil, CoHsNHo, is aminobenzene, a color¬ 
less oil when freshly prepared, which rapidly turns to pink, 
red and brown in the air. It has a characteristic odor and is 
somewhat soluble in water and miscible with alcohol or ether. 
Aniline is prepared from nitrobenzene by reduction with iron 
filings and hydrochloric acid. After neutralizing excess acid 
with lime, the aniline is separated by distillation with steam. 
Aniline for blue or aniline oil for blue is pure aniline. Aniline 
oil for red is a mixture of aniline with ortho- and para- 
toluidine. Aniline for safranine is a mixture containing ortlw- 
toluidine. Aniline is used in the preparation of many dye inter¬ 
mediates, as well as of synthetic organic products used in 
perfumes, drugs, etc. The former application is so general that 
the synthetic dyestuffs are popularly known as aniline dyes. 
Aniline is used to a limited extent as a solvent but is highly 
poisonous. 

Aniline salt is aniline hydrochloride, C(;Hr,NH 2 »HCl, a white 
crystalline substance when pure, but usually pink to red. It 
is formed by crystallization from a solution of aniline in hydro¬ 
chloric acid, and is soluble in alcohol, ether or water. Uses 
are in the manufacture of dyes, and in dyeing and printing 
where reaction occurs on the fabric. Other salts of aniline 
used more or less commercially are aniline acetate, C^IIsNIIo,- 
HO 2 CCH 3 , and aniline sulfate, (C«Hr,NH2)j,H2S04. 

Formaldehyde aniline, HCH(OH)NHC«Hr,, is the dark 
brown liquid condensation product of formaldehyde and aniline. 
It is soluble in water or alcohol and is used as a rubber 
accelerator. 

Dimethylaniline, CoHr,N(CH 3 ) 2 , is a yellow to brown oily 
liquid, insoluble in water but soluble in alcohol or ether. The 
odor resembles that of aniline. It is prepared by heating to¬ 
gether aniline, anhydrous hydrochloric acid and methyl 
alcohol, or from aniline and methyl chloride. This material 
also results from heating chloro- or bromobenzene with di- 
methylamine at 250-260° C. It is an important dye intermediate. 
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particularly as it is much less expensive than the ethyl homo- 
logue. 

Ethyl aniline or monoethyl aniline, CoHr,NHC 2 H 5 , is a 
colorless li(iuid turning brown on exposure to light. It is 
insoluble in water but miscible with alcohol or ether. Ethyl 
aniline has an odor like that of aniline, and is prepared by 
heating aniline and ethyl alcohol at 250° C. in the presence of 
sulfuric acid, or by heating ethyl bromide with aniline. It is 
used in organic synthesis. 

Diethylaniline, CoHnN(C2Hr,)2, is a yellow to brown liquid 
slightly soluble in water and soluble in alcohol or ether. The 
odor resembles that of aniline. It is prepared by heating to¬ 
gether aniline, anhydrous hydrochloric acid and ethyl alcohol, 
or from chloro- or bromobenzene and diethylamine. Uses are 
in organic synthesis. 

Ethylidene aniline, CcHnN iCHCHs, is a dark brown liquid 
prepared by the reaction of acetaldehyde and aniline. It is 
soluble in water, alcohol or ether. The compound is an accel¬ 
erator for the vulcanization of rubber and finds some use as 
a dye intermediate. 

Ethylbenzylaniline, C«Hr>N(C2Hr,)CH2CcH5, is a colorless 
to yellow or brown oily liquid very soluble in alcohol or ether. 
It is prepared by heating together benzyl chloride, ethyl aniline 
and sodium hydroxide solution. This is used in organic 
synthesis as in the manufacture of triphenylmethane dyes. 

Diphenylamine or phenylaniline, (CcHrJoNH, is a colorless 
to light yellow crystalline compound having a pleasant odor, 
j)re])ared by heating aniline with aniline hydrochloride under 
pressure. It is very soluble in alcohol and soluble in ether. 
Diphenylamine is used as a dyestuT intermediate and as a 
stabilizer for nitrocellulose in explosives and celluloid. 

Carbazole, (CoH4)2NII, is diphenylimide, a white, crystal¬ 
line, feebly basic compound separated from crude anthracene, 
or prepared by passing aniline vapors through a red hot tube. 
It is slightly soluble in alcohol, moderately soluble in ether. 
Grades sold are 70-80 per cent, 90 per cent, 95 per cent and 
98.5-99 per cent. It is used in the preparation of dyes. 
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Acetanilide, phenyl acetamide or antifebrin, CeHsNHCO- 
CH 3 , is a white crystalline compound slightly soluble in water 
but very soluble in alcohol or ether. It is prepared by heating 
aniline with glacial acetic acid. Acetanilide is an important 
derivative of aniline, in which an amino hydrogen atom has 
been replaced by an acetyl group. A U.S.P. grade melting at 
113 - 115 ° C., and a technical 95 per cent grade are sold. It is 
used as a stabilizer in hydrogen peroxide, as a rubber acceler¬ 
ator, in cellulose ester lacquers, in the manufacture of dyes 
and intermediates, and in medicines as an analgesic and anti¬ 
pyretic. 

Acetoacetanilide or acetylacetanilide, CoH ^ N H CO C H j- 

COCH3, is the colorless solid compound from the reaction of 
aniline and ethyl acetoacetate, or of aniline and diketene. The 
compound is soluble in ether, alcohol or chloroform and some¬ 
what soluble in cold water. Its uses are as an intermediate in 
the synthesis of stable yellow organic pigments. Related 
chloroanilide and toluidide compounds are available for similar 
])urposes. 

Pura-nitroacetanilide or /^-nitroacetanilide, OL»NCeH4- 
XHOOCCH 3 , is a colorless crystalline compound produced by 
acetylation of /^ara-nitroaniline. It is soluble in alcohol or ether 
and slightly soluble in water. The product is an intermediate 
step in the manufacture of other derivatives, />(7ra-phenylene- 
diamine being obtained by reduction and saponification. 

Fara-aminoacetanilide, />-aminoacetanilide or acetyl- />^ 7 ra- 
phenylenediamine, NHoCoHoNHOCCH.;, is a colorless or red¬ 
dish crystalline compound slightly soluble in water but very 
soluble in alcohol or ether. It is obtained by the partial acety¬ 
lation of />ara-phenylenediamine, and is used for the preparation 
of intermediates and azo dyes. 

Ortho-nitvochlorohenzene or o-nitrochlorobenzene, CIC6H4- 
NO 2 , is a yellow liquid soluble in alcohol or ether. It is ob¬ 
tained along with the para isomer by nitration of chlorobenzene. 
They are separated by fractionation. Fara-nitrochlorobenzene 
or /?-nitrochlorobenzene is a yellow solid similar to the ortho 
compound. Both are dye intermediates, usually by conversion 
to the amino derivatives. 
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Or^/io-chloroaniline or o-chloroaniline, CIC 6 H 4 NH 2 , is a 
yellow oil miscible with alcohol or ether. It is prepared by 
reduction of orf/to-nitrochlorobenzene with iron filings and hydro¬ 
chloric acid for use as a dyestuff intermediate. 

nitrophenol or o-nitrophenol, O 2 NC 6 H 4 OH, is a yel¬ 
low crystalline compound, slightly soluble in water, very 
soluble in absolute alcohol or ether. It is formed together with 
/>tfra-nitrophenol when phenol is nitrated with dilute nitric 
acid at a low temperature. The mixture is washed and distilled 
with steam, when the (7r//zo-compound distils over and the para- 
compound remains behind. It is used in organic synthesis. Para- 
nitrophenol or /’-nitrophenol, 02NCeHiOH, is a colorless 
crystalline compound which is much more soluble than the 
ortho compound. It is prepared from phenol with the ortho de¬ 
rivative for use in organic synthesis. 

Or//i o-aminophenol or o-aminophenol, HOC 6 H 4 NH 2 , is the 
reduction product of orA/io-nitrophenol by tin and hydrochloric 
acid. The white crystals are very soluble in ether, moderately 
soluble in alcohol and slightly soluble in water. It is used as 
a direct oxidation dyestuff, as an intermediate, and for photo¬ 
graphic purposes. 

Para-aminophenol or /^-aminophenol, H2NC6H4OH, is a 
light yellow to brown crystalline compound which turns violet 
on exposure to light. It is slightly soluble in water or ether 
and moderately so in alcohol. This product is prepared by the 
reduction of />ora-nitrophenol with iron filings or tin and hydro¬ 
chloric acid. It is used as a photographic developer, by oxida¬ 
tion as a dye for fur, hair and leather, and is an intermediate 
for the preparation of other organic compounds. 

Pani-aminophenol hydrochloride or />-aminophenol hydro¬ 
chloride, H0C6H4NH2,HC1, is a white crystalline compound 
which darkens on exposure to air. It is very soluble in water 
and is prepared by the reaction of /^rzra-aminophenol with hydro¬ 
chloric acid. This is used as a water-soluble form of /)( 7 r(j-amino- 
phenol. 

Picric acid or 2 , 4 , 6 -trinitrophenol, H 0 CgH 2 (N 03 ) 3 , is a 
yellow, crystalline solid, slightly soluble in cold water, mod¬ 
erately soluble in hot water or alcohol and very soluble in ether. 
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It is made by the direct nitration of phenol with mixed nitric 
and sulfuric acids. Picric acid is explosive and is usually sold 
with 10 per cent or 20 per cent of water for other uses. The 
U.S.P. grade melts at 121-^ C. It is applied as a treatment for 
burns and for other medical purposes. Picric acid is used as a 
yellow dyestufl, aside from use alone or in admixtures as an 
explosive. 

Or//m-nitro-/7arrt-chlorophenol or c>-nitro-/)-chlorophenol, 

HOC(5H4(NOo)C 1, is the 1,2,4- derivative occurring as yellow 
crystals, very slightly soluble in water, soluble in alcohol and 
very soluble in ether. It is obtained by nitration of para^chlovo- 
phenol with dilute nitric acid or chlorination of nr//zo-nitrophcnol. 
The nitration must be at low temperatures, preferably at 
— 67'' C. for the optimum yield of the product of the proper 
structure. It is a dye intermediate. 

Or//zo-anisidine, o-anisidine or or//zo-methoxyaniline, NHo- 
C«H 40 CH 3 , is a yellow to red oily licjuid prepared by reducing 
6?r//zo-nitroanisole with iron filings and hydrochloric acid, or by 
lieating or//zo-aminophenol with potassium methylsulfate. It 
is very slightly soluble in water but very sohil)le in alcohol or 
ether. It is an intermediate for the manufacture of guaiacol and 
azo dyes. 

Dianisidine or dimethoxybenzidine, fC(;H 3 (OCH 3 )NIT:j|i>, 
is di-/?ara-aminodimethoxydiphenyl, a crystalline compound 
prepared by reducing the methyl ether of <7r//zc>-nitrophenol in 
alkaline solution with zinc dust, and boiling the resulting hy- 
drazo compound with hydrochloric acid. It is very soluble in 
alcohol or ether. Dianisidine is a dye intermediate. 

Or///o-nitrotoluene or o-nitrotoluene, CH 3 C( 5 H 4 N 02 , a 
yellow licjuid prepared together with the para-nkro isomer, by 
nitration of toluene with nitric and sulfuric acids. The isomers 
are separated by fractional distillation. It is miscil)le with al¬ 
cohol or ether and is used for the preparation of orf/z^;-toluidine. 
Pani-nitrotoluene or /?-nitrotoluene, CH3C0H4NO0, is a yellow 
crystalline compound prepared as an isomer with the ortho com¬ 
pound. It is soluble in alcohol or ether and is used for the prep¬ 
aration of /?ara-toluidine. The para isomer is much more expen¬ 
sive than the ortho. Mixed nitrotoluenes are relatively inex- 
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pensive. Mr/a-nitrotoluene or 7;^-nit^otoluene is produced from 
f/ic/a-nitrotoluidine by the diazo reaction. The nitrotoluenes, 
both as a mixture and individually, are used in synthetic or¬ 
ganic chemistry, largely in the manufacture of dyes and inter¬ 
mediates. 

Xylidine, H2NC«H3(CH;i)2» a liquid containing mixed 
isomers of the above formula, prepared by the nitration of 
commercial xylene and subsequent reduction with iron filings 
and hydrochloric acid. It is slightly soluble in water but very 
soluble in alcohol or ether, and is used as a dye intermediate. 

Diethyl-or^/io-toluidine or diethyl-o-toluidine, Pl3CC({H4N- 
(Collr.)^^ is the derivative of (?r//m-toluidine corresponding to 
diethylaniline. The toluidine derivative is produced by 
methods analogous to those used in producing the aniline de¬ 
rivatives from aniline. It is used in synthetic organic reactions. 

Acetotoluidine or acettoluidine, CH3Cr,H4NHCOCH3, is 
])rcpared from mixed toluidines in the same way as acetanilide 
from aniline. It is soluble in alcohol or ether and is used as an 
antipyretic. Acetyl-/>-toluidine or acetyl-/>ara)-toluidine is sim¬ 
ilarly prepared from />ar( 7 -toluidine for the same purpose. 

Para-toluene sulfonamide or />-toluene sulfonamide, CH3- 
C({H4SOoNH 2, is a white crystalline compound prepared by con¬ 
verting /’ara-toluene sulfonchloride to the amide by treatment 
with ammonia. It is slightly soluble in water or ether and 
moderately so in alcohol. Uses are in organic synthesis. 

Or/Z/a-ethyl-Z^ara-toluene sulfonamide or a-ethyl-/>-toluene 
sulfonamide, C2Hr,C(5H3(CH3)S02NH2, is a white to light yel¬ 
low crystalline material, slightly soluble in water or ether but 
more soluble in alcohol. It is obtained by the action of sulfur 
trioxide, or more conveniently chlorosulfonic acid, on ortho- 
ethyb/^ara-toluidine, and is a dye intermediate. Ethyl -/?ara- 
toluene sulfonamide or ethyl-/>-toluene sulfonamide is similar 
in properties to the previous isomer. It is obtained by treat¬ 
ment of />ara-tolui(line as there outlined, followed by treatment 
of the product with ethyl chloride, and is a dye intermediate. 

Saccharin or benzoylsulfonic imide, C6H4COSO2NH, is a 
white crystalline compound, slightly soluble in water but solu¬ 
ble in alcohol or ether. It is manufactured from toluene by 
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producing the sodium salt of toluene sulfonic acid, treating this 
with phosphorus pentachloride, distilling and cooling the 
residue, and centrifuging to separate the liquid ortho compound 
from the solid para compound. Treatment with mineral acid 
produces saccharin. The product is from 300 to 550 times as 
sweet as cane sugar and is used as a substitute for sugar. It 
sweetens without providing any food value, although it has 
some physiological action, and is used by diabetics. 

Para-toluene sulfonanilide or /^-toluene sulfonanilide, CHa- 
CtiH4SOaNHCGHr,, is a colorless to pink crystalline material 
soluble in ether and very soluble in alcohol. It is prepared by 
treatment of />ara-toluene sulfonchloride with aniline in the 
presence of lime, or of carefully regulated amounts of alkalies. 
It is a dyestuff intermediate. 

Dinitrobenzene, C«H4(N02)2, is a yellow crystalline ma¬ 
terial moderately soluble in absolute alcohol or ether. It is 
prepared by heating benzene with a mixture of nitric and sul¬ 
furic acids, or by longer heating with nitric acid alone. The 
chief product is ^ac^a-dinitrobenzene or in-dinitrobenzene, but 
small quantities of the ortho and para compounds are also 
formed. Or//m-dinitrobenzene or a-dinitrobenzene is recov¬ 
ered from the residues from the meta compound by solution in 
hot nitric acid and precipitation by dilution with water. Para- 
dinitrobenzene or /)-dinitrobenzene can be similarly recovered 
but is also prepared by oxidation of /?ara-quinaline dioxime. The 
dinitrobenzenes are used as intermediates for organic synthesis, 
particularly the meta compound, because it is easily and inex¬ 
pensively prepared. 

Or//ia-nitroaniline, a-nitroaniline or a-nitraniline, NO2C6H4- 
NHo, occurs as orange crystals, slightly soluble in water and 
very soluble in alcohol or ether. It is prepared by heating 
arPia-dinitrobenzene with alcoholic ammonia, for use in organic 
synthesis. 

Me/a-nitroaniline, ;;i-nitroaniline or 7 a-nitraniline, NH2- 
CeH4N02, is a yellow crystalline compound insoluble in water 
but moderately soluble in alcohol or ether. It is prepared by the 
acetylation of aniline, followed by nitration in the meta position 
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and saponification of the acetyl ester. M^^a-nitroaniline is used 
for the preparation of dyes and intermediates. 

Para-nitroaniline, /)-nitroaniline, or /?-nitraniline, NH2C«H4 
NOo, is a yellow crystalline compound moderately soluble in 
alcohol or ether, prepared by heating />ara-dinitrobenzene with 
alcoholic ammonia. It is used for the preparation of dyes. 

Para-phenylenediamine, /)-phenylenediamine, /?ara-diamino- 
benzene or ursol D, CcH4(NH2)2, is a colorless to red or brown 
crystalline compound which darkens on exposure to air. It is 
soluble in cold water, very soluble in hot, and very soluble in 
alcohol or ether. This is prepared by reducing /^ara-dinitroben- 
zene with iron filings, or stannous chloride and hydrochloric 
acid. It is used for dyeing hair, furs, cotton, etc., by the pro¬ 
duction of a brown to black color, by direct oxidation with 
hydrogen peroxide or other oxidizing agent. It is also used 
as a dye intermediate and as a vulcanization accelerator. 

il/r/a-phenylenediamine, 7n-phenylenediamine or mcta-di' 
aminobenzene, CflH4(NH2)2, is a colorless crystalline com¬ 
pound very soluble in water, alcohol or ether. It is prepared 
by reducing ntc/a-dinitrobenzene with iron filings or stannous 
chloride and hydrochloric acid. Uses are for the preparation of 
dyes and as an ingredient of direct-oxidation hair dyes. 

Dinitrochlorobenzene, C1 CgH3 (N02)2, is a colorless crystal¬ 
line material prepared by the chlorination of commercial dini¬ 
trobenzene, which is mainly the meta product. The chlorine is 
therefore in the 2 or 4 position. It is soluble in alcohol or ether 
and is used as a dye intermediate. 

Dinitrophenol, HOCoH3(N02)2, is any one of, or a mixture 
of, three isomeric yellow crystalline compounds, prepared by 
nitrating phenol with mixed nitric and sulfuric acids. It is 
slightly soluble in water, soluble in alcohol, and very soluble 
in ether. Dinitrophenol is used in organic synthesis in the 
manufacture of dyes and other organic compounds such as 
amidol, and as a wood preservative. 

Meta-nitro-para-to\uidine or ni-nitro-/?-toluidine, HaCCoHs 
(N02)(NH2), is the 1 , 3 , 4 - compound, a reddish crystalline ma¬ 
terial very slightly soluble in water but very soluble in alcohol. 
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It is obtained by boiling nitro-/?-acettolui(le with alcoholic 
caustic potash, and is a dyestuff intermediate. 

Para-nitro-orflw-toluidine or /?-nitro-o-toluidine, H3CC0H3 
(NH2)(NOj) is the 1,2,4- compound, the principal nitration 
product from artho-toluidine. The brown crystals are soluble in 
alcohol or ether and are used for further synthetic reactions, 
such as reduction to the corresponding tolylenediamine. 

Or///6?-tolidine or tolidine base, jCoH3(CH3)NH2]2 is a 
reddish crystalline compound slightly soluble in water but very 
soluble in alcohol or ether. It is prepared by the reduction 
of c?r///o-nitrotoluene with zinc dust in the presence of alkali, fol¬ 
lowed by treatment with hydrochloric acid, by the reduction of 
azotoluene with stannous chloride, or by treatment of hydrazo- 
toluene with hydrochloric acid. The latter two methods are 
combined in the first one. Tolidine base and a distilled product 
are sold. It is used in dye synthesis. 

Pan/-nitrosodimethylaniline or />-nitrosodimethylaniline, 
ONCoH 4N(CH3)2, is produced from dimethylaniline by treat¬ 
ment with sodium nitrate in acid solution. The green crystals 
are soluble in alcohol or ether. It is an important intermediate 
in dye synthesis. 

Benzidine or />ara-diaminodiphenyl, (C«H4NH2)2, has the 
form of silvery crystals and is prepared from nitrobenzene by 
reducing with zinc dust in alkaline solution or by electrolytic 
reduction of nitrobenzene. The free benzidine base is sold 
and is slightly soluble in water and soluble in alcohol. It is 
used as an intermediate in organic synthesis and as an impor¬ 
tant reagent. Benzidine sulfate, (C0H4NH2) 2,112804, is a 
white crystalline salt of benzidine which is only slightly soluble 
in water. It is also used in organic synthesis. Benzidine sul¬ 
fonic acids are also sold. 

Dinitrotoluene may theoretically be any one of three iso¬ 
meric compounds, CHsCGHaCNOo)^, prepared by the nitration 
of toluene with fuming nitric and sulfuric acids. It is obtained 
in the form of yellow crystals which are slightly soluble in 
water, moderately soluble in alcohol and very soluble in ether. 
If the isomers are present to an extent which tends to lower 
the melting point greatly, that is, much of the 2,4 and 3,4 com- 
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pounds with the usual 3 , 5 , it is quoted at a reduced price as an 
oily grade. It is an intermediate in the formation of other 
organic compounds and dyes. Added to dynamite, it lowers 
the freezing point of the nitroglycerine present. Further nitra¬ 
tion gives trinitrotoluene, an explosive. The dinitro compound 
is not commonly used for that purpose. 

Mixed toluidine^ CHaC6H4NH2, is a light yellow to brown 
liquid mixture of the isomers having this formula, prepared 
by the reduction of mixed nitrotoluene with iron filings and 
hydrochloric acid. It is slightly soluble in w’ater and miscible 
with alcohol or ether, and is used in organic synthesis and 
as a flotation oil. Or/Zzo-toluidine or o-toluidine has the two 
substituted groups in the ortho position to each other, and is 
prepared by reducing <?r///o-nitrotoluene. This product is a 
light yellow liquid which darkens on exposure to the air. It is 
used in organic synthesis, as in the manufacture of dyes and 
saccharin. Para-toluidine or /^toluidine has the substituted 
groups in the para position. It is a white crystalline compound 
prepared by the reduction of />ara-nitrotolucne for use in the 
preparation of dyes and intermediates. The para isomer is much 
more expensive than the ortho, 

yi/r/a-tolylenediamine, nt-tolylenediamine, or diaminotolu- 
ene, II.^CCoHsCNT 10)21 is a crystalline compound, very solu¬ 
ble in water, alcohol or ether. It is prepared by reducing meta- 
dinitrotoluene w hh iron filings or stannous chloride and hydro¬ 
chloric acid. This is used as a dye intermediate and as a direct 
oxidation black for furs, hair, etc. 

Methylene dianiline, CII2(NIICgH 5)2, is a white to yellow 
pulverant solid. It results from the reaction of aniline and 
formaldehyde aniline, and is used as a rubber accelerator. 

Thiocarbanilide or sulfocarbanilide, (C6ll5NII)oCS, is 
diphenyl thiourea, a colorless crystalline compound prepared 
by the reaction of aniline and carbon bisulfide. It is very 
soluble in alcohol or ether. Thiocarbanilide is used in organic 
synthesis. It was one of the earliest accelerators for the vul¬ 
canization of rubber and is still used for that purpose. 

Picramic acid or 2 -amino- 4 , 6 -dinitrophenol, HOC6H2(NH2) 
(N02)2, is a reddish brown crystalline solid, slightly soluble 
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in ether, moderately in alcohol, and very slightly in water. It 
is produced from picric acid by treatment with ammonium 
sulfide solution, and is used in the manufacture of azo dyes. 

Para-aminoazobenzene or /)-aminoazobenzene, CeHsN :N- 
C6H4NH2, is the usual form of aminoazobenzene resulting from 
treatment of aniline with sodium nitrite in hydrochloric acid 
solution. The yellow to tan needles are very soluble in ether, 
benzene or hot alcohol but only slightly soluble in hot water. 
The compound is used in dyeing and as an intermediate in the 
preparation of azo dyes. The hydrochloride is known as amino¬ 
azobenzene salt. It forms blue needles and is soluble in alcohol. 
Uses are as an intermediate and as a color in lacquers. Mono 
and disulfonic acids of />flra-aminoazobenzene are also used as dye 
intermediates. 

Or//f( 9 -aminoazotoluene or o-aminoazotoluene, CH3C6H4N : 
NCt5H3(CH:0NHo, is prepared similarly to aminoazobenzene 
as yellow to red crystals. It is soluble in alcohol, ether, and 
benzene, and is a dyestufif intermediate. Aminoazoxylene and 
aminoazoxylidine are structurally similar and similarly used. 

Pyridine, CH(CHCH)2N, is a tertiary amine. It is a color¬ 
less liquid having a disagreeable odor, soluble in ether and 
miscible with alcohol or water. This is prepared by the frac¬ 
tional distillation of a fraction of coal-tar oil. It is also pro¬ 
duced from the dry distillation of animal and vegetable nitrog¬ 
enous material. Denaturing and refined grades are quoted. 
The latter means that the distillation is cut within 2 ® C. It 
was formerly used for completely denaturing alcohol, a use 
which has declined greatly. Pyridine is a solvent for rubber, 
paint, varnish, etc., and is used as a textile assistant. 

Synthetic musk is a name for a group of complex yellow 
crystalline synthetics soluble in alcohol, and used to replace 
natural musk. Three are commonly quoted, with distinctive 
forms of the names. Musk xylene or musk xylol, C4H9(CH3)2 
C(;(N02)3, is prepared by reacting m<’/a-xylenc with butyl chlor¬ 
ide in the presence of anhydrous aluminum chloride and then 
carefully nitrating. This is the most widely used, largely be¬ 
cause it is the cheapest. Musk ambrette, C4H9(CH3) (OCH3) 
C6H(N02)2, is stronger and has a sweeter odor. Mc/a-cresol is 
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first methylated to 772^/a-cresylmethyl ether and then treated 
much as for musk xylene, but to a lower degree of nitration. 
Musk ketone, C 4 H 9 (COCH 3 )(CH 3 ) 2 C 6 (N 02 ) 2 , is used to a 
much smaller extent than the other synthetic musks. It has a 
civet-like odor. Tertiary butyl-m^/a-xylene is prepared as for 
musk xylene. This is then reacted with acetyl chloride in the 
presence of aluminum chloride, and finally nitrated. All of 
these synthetic musks are used not only in perfumes but in 
noncitrus flavors such as strawberry, peach, currant, etc. 
There are other synthetic musks more restricted as to com¬ 
mercial availability. 

Nitronaphthalene, C10H7NO2, is a yellow crystalline com¬ 
pound prepared by the direct nitration of naphthalene with 
nitric and sulfuric acids. The alpha compound is the commercial 
product. It is soluble in alcohol and very soluble in ether. The 
main use is as an intermediate in the manufacture of dyes. 

^//>//a-naphthylamine or a-naphthylamine, C10H7NH2, is a 
white crystalline compound slightly soluble in water but very 
soluble in alcohol or ether. It turns red on exposure to the air. 
This is prepared by reducing a7/>/2a-nitronaphthalene with iron 
filings and acetic acid, followed by neutralization with lime 
water and distillation, and is used in the preparation of dyes. 
It is also used for toning photographic prints. 

Brfa-naphthylamine or ^-raphthylamine, C10H7NH2, is a 
white to reddish crystalline compound, soluble in alcohol or 
ether and slightly so in water. It is prepared from ^r/a-naphthol 
by heating with an aqueous solution of ammonia and ammon¬ 
ium sulfite at 120 ° C. in an autoclave. The product is also 
obtained by heating ^c/a-naphthol with zinc ammonium chloride. 
A technical grade is sold as a dyestufif intermediate. 

Phenyl-aZ/^/za-naphthylamine or phenyl-a-naphthylamine, 
CioH7NHC«Hr„ is the product of reaction of fl//>/2rt-naphthvlamine 
and bromobenzene heated in the presence of alkali. The yel¬ 
low to white crystals are soluble in alcohol, ether or benzol and 
are used as a dye intermediate. 

Dinitronaphthalene, CioH«(N02)2, is a yellow, crystalline 
product, very soluble in ether. It is prepared by nitrating 
naphthalene with mixed sulfuric and nitric acids. The product 
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is a mixture of 1,5- and 1,8- products and is used as a dye inter¬ 
mediate. 

Hydroxyquinoline sulfate or oxyquinoline sulfate, (C9H0- 
N0H)2,H2S04, is a yellow crystalline material prepared by 
mixing 8-hydroxyquinoline with sulfuric acid. It is very solu¬ 
ble in water, moderately so in alcohol and is used in medicine 
as an antiseptic. 

Indole, indol, or ketol, C6H4(CH)2NH, is a white to yellow- 

I_I 

ish, crystalline compound soluble in hot water and very solulde 
in alcohol or ether. It is prepared by the reduction of indigo 
blue, by heating ^r///<9-nitrocinnamic acid with potassium hy¬ 
droxide in the presence of iron filings, or by fusion of albumin 
with potassium hydroxide. Indole is also formed from proteins 
by putrefaction, and has a very disagreeable odor. It is feebly 
basic in character. A C.P. grade is sold for use in medicine 
and in jasmine, lilac and orange-blossom perfumes. It is very 
expensive. 

Skatole or skatol, C9H9N, is ^-methyl indole, a white crystal¬ 
line compound with an obnoxious odor, formed by the putre¬ 
faction of proteins, and also by fusion of egg albumin with 
potassium hydroxide. It is soluble in alcohol or petroleum 
ether and is used in perfume in very small amounts. When 
diluted it resembles civet. It is very much more expensive 
than indole. 

Antipyrine, phenazine, or phenyldimethylpyrazolon, CnHi2 
ON2, is prepared by tht condensation of methylphenylhydrazine 
and ethyl acetoacetate. The white crystalline substance is very 
soluble in water or alcohol, slightly so in ether. The U.S.P. 
grade melts at 111 - 113 ° C. It is used in medicine as an anal¬ 
gesic, antipyretic and antirheumatic. 

Amidopyrine, aminopyrine or pyramidone, C13H17ON3, has 
the complex structure of dimethylaminoantipyrine. It is a 
white crystalline powder prepared by reducing isonitrosoanti- 
pyrine with zinc and methylating with methyl iodide. It is 
very soluble in alcohol and ether. The U.S.P. grade melts at 
107 - 9 °C., and is used in medicine as an anodyne and antipyretic. 



AMINES, NITRO COMPOUNDS 


273 


Its use in preparations which may reach the public for general 
use is forbidden by law. 

Cinchophen, C9H5N(C«H5)(COOH), is 2 -phenyl-quinoline- 
4 -carboxylic acid, a colorless to yellowish compound prepared 
by heating an alcoholic solution of aniline, pyruvic acid and 
benzaldehyde. It is slightly soluble in alcohol or ether. The 
U.S.P. X grade melting at about 210 °C. is quoted, and is used 
in medicine for the treatment of gout and rheumatic fever. 
Neocinchophen is an ester. The same restrictions apply to 
their sale as to that of amidopyrine. 

Hydrofuramide or furfuramide, (C 5 H 40 );sN 2 , is a brownish 
yellow solid which is the product of reaction of furfural and 
ammonium hydroxide. It dissolves in chloroform, ether, 
alcohol, furfural and derivatives, acetone, aniline, etc., and is 
somewhat soluble in water and higher alcohols. Technical 
furfuramide is used in fungicides, in rubber accelerators and 
in resins. 

/^//)//^ 7 -aminoanthraquinone or a-aminoanthraquine, C0H4- 
(C02)oC«H:jNH 2, is the product of reduction of alplia-nitro- 
anthraquiiione in acid solution with zinc or iron. It forms 
red needles slightly soluble in alcohol and soluble in chloroform, 
acetone or benzene. Uses are as a dye intermediate, partic¬ 
ularly in alizarine dyes. Z>c^(7-aminoanthraquinone or /i?-amino- 
anthraquine is similarly derived from the corresponding nitro 
compound. The properties are similar but the crystals are red 
to brown. It is used as a dye intermediate, particularly in 
indanthrene types. 
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ESTERS 

Esters may be considered as derivatives of acids in which 
the acid hydrogen atom has been replaced by an alkyl or aryl 
group. In the more familiar esters the acid portion is also 
organic, as in ethyl acetate, amyl lactate, benzyl benzoate, etc. 
These are the products of reaction of an acid and an alcohol with 
the loss of 1 molecule of water. Unlike the reaction of bases 
and acids this does not take place instantaneously nor is it 
made complete by simply mixing the ingredients. Examples 
of esters of inorganic acids are ethyl bromide and ethyl iodide, 
which have been considered here as halogen substituted hydro¬ 
carbons, ethyl nitrite, glycol boriborate, etc. Esters undergo 
hydrolysis in water, but the reaction is relatively slow. Many 
of the esters have marked characteristic odors which may play 
an important part in their usefulness. 

Two definite groups of esters of organic acids are omitted 
from this chapter, the glycerides of fatty acids which are the 
saponifiable fats and oils—and the waxes, which are esters of 
high molecular weight alcohols with acids, usually fatty acids. 
Each forms a separate chapter. 

The terminology of esters and ethers has been confused in 
the past, some esters having commercial names in which they 
are called ethers and some ethers having commercial names 
in which they are termed esters. Chemically the two are en¬ 
tirely separate and distinct. 

The methods of preparation of esters are so uniform that a 
general description of the procedure will serve. Assuming the 
alcohol to be ROH and the acid R'COOH the reaction is 
ROH + R'COOH — R'COOR + H, 0 . To carry this to com¬ 
pletion it is necessary to absorb the water shown on the right 
hand side of the equation. If the ester is volatile it is usual 
to add sulfuric acid, which will absorb the water and which is 
nonvolatile, and then distil the ester. Thus ethyl acetate is 
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produced by mixing ethyl alcohol, acetic acid and sulfuric acid, 
the ethyl acetate being then distilled. If, as occasionally oc¬ 
curs, the ester is not volatile, this procedure must be modified. 
In that case hydrogen chloride, often referred to as anhydrous 
hydrochloric acid, is added. This combines with the water and 
is distilled away as a constant-boiling mixture of hydrochloric 
acid and water, containing about 37 per cent of acid. The ester 
remaining behind has a purity dependent on the quality of the 
raw materials used, and the accuracy with which equivalent 
quantities were taken. Thus the raw materials for any ester 
are the corresponding alcohol and acid. In the exceptional 
case where this is not so, it is noted, such as for cellulose acetate, 
made from cellulose and acetic anhydride. Reaction of the 
alcohol with the anhydride of the acid is less common. No 
water is formed and no dehydrating agent is essential, although 
often used to take care of impurities of which water may be one. 

Methyl formate, HCOOCH^, is the simplest possible ester, 
that of formic acid and methyl alcohol. Methyl formate is 
miscible with alcohol, very soluble in water and soluble in 
many other organic solvents. The absolute composition is the 
same as that of acetic acid but the structure is different. The 
ester boils slightly above room temperature. Uses are in or¬ 
ganic synthesis and in products used in fumigation. 

Ethyl formate or formic ether, HCOOC^Hn, is a limpid 
colorless liquid with an odor like that of benzaldehyde. It is 
moderately soluble in water and miscible with alcohol or ether. 
This ester is used medicinally, as an insecticide or larvicide, 
and in organic synthesis. 

Amyl formate, HCOOC.-,Hii, is isoamyl formate. The color¬ 
less liquid is soluble in alcohol or ether and is used in flavors 
and odors. It is usually about 90 per cent ester. 

Benzyl formate, HCOOCHoCfiHfi, is a clear, colorless liquid. 
It is miscible with alcohol or ether and used in perfumes and 
flavors. 

Methyl acetate, CHhCOOCHs, is a colorless, fragrant, limpid 
liquid, very soluble in water and miscible with alcohol or ether. 
Lead acetate may be added as a catalyst to the original esteri¬ 
fication mixture of acetic acid, methyl alcohol and sulfuric 
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acid. It is in general the best solvent among the members of 
the ester group. Domestic 99 per cent and 82 per cent grades 
are sold. The balance of the mixture is methyl alcohol, the 
lower concentration of ester forming a constant-boiling mixture 
of that composition. Both the synthetic product and that de¬ 
rived from wood distillation, are available as a solvent, in 
particular for nitrocellulose and cellulose acetate, and as a 
reagent in synthetic work. Methyl acetone is a mixture of 48 
per cent acetone, 28 per cent of 82 per cent-grade methyl acetate, 
and 24 per cent methanol and is used as a solvent. 

Ethyl acetate or acetic ether, CHaCOOCoHn, is a colorless 
liquid with an apple-like odor, moderately soluble in water 
and miscible with alcohol or ether. Impurities which may be 
present are free alcohol, free acetic acid, water and ether. The 
addition of 1 pint of a gasoline derivative, calol ethatate, per 
100 gallons, is required by the Treasury Department to prevent 
its being used as an illegal source of ethyl alcohol. Acetic 
acid is removed by treatment with a solution of sodium car¬ 
bonate, alcohol by treatment with a saturated aqueous solution 
of calcium chloride, and ether by fractional distillation. An¬ 
hydrous ethyl acetate is obtained by treating the ester with 
anhydrous calcium chloride, followed by distillation. Grades 
sold are ordinary and anhydrous. The ordinary grade is often 
quoted on the basis of ester content as 85 per cent and 95 
per cent. Sometimes an attempt is made to distinguish acetic 
ether as the *‘best quality,’' a 99 per cent grade, but that 
terminology does not have general acceptance. The fragrant 
liquid is used in perfumery, flavoring products, medicine, as a 
solvent such as for phosgene, in making smokeless powders, 
artificial leather, nitrocellulose, lacquers and plastics, rayon, 
and artificial horsehair. 

Isopropyl acetate, CH3COOCH(CHa)2, is a colorless liquid, 
moderately soluble in water and miscible with alcohol or ether. 
It is a solvent for cellulose acetate and cellulose nitrate, and 
is used in lacquers because larger amounts of hydrocarbon 
diluents can be employed than with lower esters. 

Butyl acetate, CH3COOC4H9, enters the market as both 
normal butyl acetate, CH3COO(CH2)3CH3, and secondary 
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butyl acetate or isobutyl acetate, CH3COOCH2CH(CH3)2. 
Both are colorless liquids slightly soluble in water and miscible 
with alcohol or ether. They have fruity odors and are used in 
perfumes and flavoring extracts. Other uses are as solvents 
for gums, synthetic resins and cellulose acetate or nitrate. The 
secondary butyl product is less expensive. It is the major solv¬ 
ent of medium boiling point for lacquer formulation. 

Amyl acetate, CHaCOOCGHn, is a mixed product, slightly 
soluble in water but miscible with alcohol or ether. The usual 
mixture contains mostly the isoamyl form, with some of the 
other isomers also present. It is sold in grades prepared from 
amyl alcohol from fusel oil, and from amyl alcohol from 
pentane. Normally it contains about 85 per cent of ester and 
15 per cent of uncsterified alcohols. The usual distillation 
range is about 30 °C. The colorless liquid has a distinctive 
odor from which it has acquired the popular name of banana oil. 
It is used in many industries for its solvent properties, as for 
nitrocellulose, in making lacquers, photographic and moving 
picture films, in bronzing liquids and metallic paints, in mak¬ 
ing artificial pearls, and in the manufacture of celluloid, rayon, 
and perfumes. It is an important synthetic in pear and banana 
flavors. For perfume use, freedom from amyl alcohol is de¬ 
sirable. Normal amyl acetate, CH:}COO(CH2)4CH3, and 
secondary amyl acetate or isoamyl acetate, CH3COOC(CH2)2- 
CH(CH3)2, are isolated at a higher degree of purity. They are 
necessarily more expensive than the mixture because of rectifi¬ 
cation. Uses are similar. 

Hexyl acetate, CH^COOCfjIIia, is a colorless liquid, very 
solulde in alcohol or ether. The commercial product is made 
from secondary hexyl alcohol. It is a solvent for cellulose 
esters. Octyl acetate, capryl acetate or 2-ethyl hexyl acetate, 
CH3C00CH2CH(C2H5)C4H9, is a colorless liquid soluble in 
alcohol. It is used as an odorant in perfumes and as a high- 
boiling solvent in lacquers, special inks, etc. The price permits 
reasonably general use. 

Linalyl acetate, CH3COOC10H17, is a colorless liquid very 
slightly soluble in water but miscible with alcohol or ether. It 
is isolated from bois de rose or shin oil. The odor resembles 
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that of bergamot, and it is used in flavoring extracts, per¬ 
fumery, Eau de Cologne, and soap. Varying grades according 
to ester content, such as 70 per cent and 90 per cent, are quoted. 

Bornyl acetate and isobornyl acetate, CHsCOOCioHit, are 
similar to citronellyl acetate but have a pine odor. They are 
added to many odors. The isomeric compound is stronger, 
more persistent and less expensive than the normal bornyl 
compound. 

Citronellyl acetate, CH3COOC10H19, is an ester of the un¬ 
saturated alcohol citronellol from oil of citronella, rose, or 
geranium oil. The oily ester, soluble in alcohol or ether, is a 
powerful odorant resembling bergamot, and is much more ex¬ 
pensive than the free alcohol. 

Geranyl acetate, CH3COOC10H17, is a colorless liquid, very 
slightly soluble in water but miscible with alcohol or ether. It 
is synthesized by the usual methods, and occurs in several es¬ 
sential oils. The odor resembles that of lavender or certain 
types of roses. The ester is used in perfumes and soaps. 
Geranyl formate, HCOOC10H17, and geranyl butyrate, C3H7 
COOC10H17, are other esters of a rose type, similar in prop¬ 
erties to the acetate but much more expensive. 

Rhodinol acetate, is a mixture of about two parts of citron¬ 
ellyl acetate and one part of geranyl acetate, resulting from 
acetylation of rhodinol. It is soluble in alcohol or ether, and 
used largely in rose compounds. Rhodinol formate and 
rhodinol butyrate are similar esters of the corresponding acids 
and are similarly used. 

Terpinyl acetate, CH3COOC10H17, is a colorless liquid, 
miscible with alcohol or ether. It is purified by distillation, to 
over 98 per cent of ester. The odor is that of bergamot. It is 
used to replace oil of bergamot in Eau de Cologne, lavender 
water, inexpensive perfumes and soaps. 

Acetin, monoacetin or glyceryl monoacetate, CHaCOOCaHr,- 
(0H )2, is a colorless, viscous, hygroscopic liquid, very soluble 
in water, alcohol or ether. It is formed by heating glycerine 
with acetic acid, distilling off the dilute acetic acid, and again 
heating with glacial acetic acid and distilling. Free acetic acid 
may remain as an impurity. The technical grade is used for 
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gelatinizing smokeless powders, treating dynamite to make it 
noncongealing, in the production of dinitroacetylglycerine, in 
tanning, and as a solvent for basic dyes. 

Triacetin or glyceryl triacetate, (CH3COO)3C3H5, is pre¬ 
pared by the reaction of acetic anhydride with glycerine. The 
colorless odorless oil is moderately soluble in water and miscible 
with alcohol or ether. It is used as a fixative in perfumery and 
as a camphor substitute in pyroxylin. The technical grade 
contains substantial amounts of glyceryl monoacetate and 
glyceryl diacetate. 

Ethylene glycol monoethyl ether acetate, CH3COOCH2CH2- 
OC2H5, is the ester of ethyleneglycol monoethyl ether. It is a 
colorless liquid, very soluble in water, alcohol or ether. Due 
to its mixed properties of an ether and an ester it is both a 
plasticizer and a solvent for nitrocellulose and cellulose acetate 
in lacquers and plastics. The corresponding ethylene glycol 
monomethyl ether acetate, CH3COOCH0CH2OCH3, ethylene 
glycol monobutyl ether acetate, CH3COOCH2CH2OC3H5, and 
diethylene glycol monoethyl ether acetate, CH3COOCH0CH2 
OCH2CH20C2Hn, are similar in properties and uses. 

Sucrose octaacetate is a white crystalline ester of sucrose, 
cane sugar. It is nearly insoluble in water but soluble in coal- 
tar hydrocarbons, acetone, alcohol, etc. Grades sold are tech¬ 
nical and denaturing. It is used as a plasticizer in adhesives 
and other products, as a waterproofing agent, etc. Its solutions 
are extremely bitter and therefore it is one of the denaturants 
used in alcohol when the latter is sold freely to the public, as 
in denatured alcohol. 

Cellulose acetate is formed by the reaction of cellulose and 
acetic anhydride in the presence of sulfuric acid. It is usually 
a mixture of cellulose esters. Cellulose triacetate, [CgHtO^ 
fOOCCH3)8]„, is soluble in glacial acetic acid. Cellulose tetra¬ 
acetate, [C6HcO(OOCCH3)4]n, is soluble in methyl alcohol. 
Cellulose pentaacetate, [CttH5(OOCCH3)ri]„, is soluble in 
alcohol. The pentaacetate is usually formed first and hydro¬ 
lyzed back to the desired degree. The processes are diverse in 
diflferent plants. An acetone-soluble grade can be obtained. 
The material is sold as a fluflfy powder or in flake form, and is 
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white to light yellow. Unlike the other commercially im¬ 
portant cellulose ester, nitrocellulose or cellulose nitrate, it is 
not highly inflammable, although it is combustible. 

Cellulose acetate is used in making acetate rayon, nonin¬ 
flammable photographic and moving-picture film, lacquers, 
varnishes, shatter-proof glass, plastics, rubber substitutes, and 
in rendering textiles and leather noninflammable and resistant 
to water. Commercially it is of importance not only as a 
chemical but also in the form of sheets, rods, tubes, etc. Cellu¬ 
lose acetate sheeting is a competitor of the viscose sheeting 
known as cellophane. Its importance is constantly increasing. 

Cellulose acetobutyrate, is a mixed ester of cellulose with 
acetic and butyric acids. In general it resem])les cellulose 
acetate. While somewhat more expensive than the acetate it 
has advantages of solubility due to the larger molecular-weight 
acid replacing part of the acetic acid. 

Benzyl acetate, or phenylmethyl acetate, CHaCOOCIIo- 
CeHr,, is very slightly soluble in water, and miscible with 
alcohol or ether. It is present to about 65 per cent in oil of 
jasmine, as well as in lesser amounts in gardenia, narcissus, etc. 
Aside from the usual methods, it can be prepared by the re¬ 
action of benzyl chloride and sodium acetate. The colorless 
liquid is sometimes contaminated with chlorine, which de¬ 
tracts from its flowery jasmine-like odor. It is used in per¬ 
fumes and flavoring products, and as a solvent for cellulose 
acetate and cellulose nitrate. Its use as a high-boiling solvent 
is necessarily limited because of its high price. 

Phenylethyl acetate, CH3COOC‘jIl4C(jHr,, is the colorless 
liquid ester of phenylethyl alcohol and acetic acid. It is soluble 
in ether and has an odor resembling that of rose and peach. 
Use is as an odorant. 

Styralyl acetate or methyl phenyl carbinol acetate, CH-r 
COOCH(CH 3 )CoH,, is an expensive ester derived from oil 
of gardenia. It is colorless and soluble in alcohol. Uses are 
mainly in gardenia and lily perfumes. 

Isobutylphenyl acetate, CH3COOCH,C(CH3)2 CcH,, is 
similar to benzyl acetate in properties, but is used in rose, sweet 
pea and other sweet perfumes for its honey-like odor. 
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Ethyl propionate, CHaCH2COOC2Hr„ is a colorless liquid, 
slightly soluble in water but miscible with alcohol or ether. It 
is used in fruity types of flavors and odorants. 

Butyl propionate, CHaCH2COOC4H9, is a colorless liquid 
very slightly soluble in water, and miscible with alcohol or 
ether. Butyl alcohol and other esters may be present as im¬ 
purities. The colorless liquid is used as a high-boiling solvent 
for nitrocellulose. Amyl propionate, CHsCHoCOOCnHn, is 
a colorless ester miscible with alcohol or ether, made from fusel 
oil and propionic acid, and used as a solvent in lacquers. In 
highly refined form it is an odorant and flavor, particularly for 
jasmine and peach. 

Benzyl propionate or benzyl methyl propionate, C2Hr,“ 
COOCH2CcHr„ is similar to benzyl acetate but sweeter in odor. 
It is much more expensive. 

Phenylethyl propionate, C2Hr,COOC2H4C6Hn, is similar 
to phenylethyl acetate but has a dried rose-petal odor. 

Methyl lactate, CH3CHOHCOOCH3, is a colorless liquid 
usually containing up to 5 per cent of alcohols. It is soluble in 
nearly all organic solvents and is used as a cellulose acetate 
solvent. 

Ethyl lactate, CHaCHOHCOOCoHr,, is a colorless liquid 
miscible with water, alcohol or ether. Aside from the usual 
esterification methods, it is produced by reaction of acetalde¬ 
hyde with hydrocyanic acid to form acetaldehyde cyanhydrin, 
which by treatment with ethyl alcohol and hydrochloric acid 
forms the product. It is used as a solvent for cellulose acetate 
and nitrocellulose, and in medicine. Butyl lactate, CHa- 
CHOHCOOC4Hn, is a colorless liquid, slightly soluble in water 
but misci]:)le with alcohol or ether. It is used as a solvent for 
cellulose esters and in perfumes. Amyl lactate is commercially 
isoamyl lactate, CH3CHOHCOOC5H11. It is a colorless to 
light yellow liquid soluble in alcohol or ether, and is used as a 
solvent and plasticizer for cellulose esters. 

Ethyl butyrate or butyric ether, CaH7COOC2Hr., is slightly 
solul)le in water and soluble in alcohol or ether. The colorless 
liquid has an odor resembling that of pineapple, and is used 
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in flavoring extracts and inexpensive perfumes, particularly the 
theater-spray type. 

Amyl butyrate is commercially isoamyl butyrate, C3H7- 
COOCCH2CH(CH3)o. The colorless liquid, miscible with 
alcohol or ether, is used in flavoring compounds, largely to 
simulate apple or pineapple. It is also used in perfumes, par¬ 
ticularly for spraying. 

Ethyl oxybutyrate or ethyl hydroxybutyrate, (C 1^3)2- 
C(OH)COOC2Hr,, is a colorless liquid soluble in alcohol or 
ether. It is an isobutyl derivative used as a solvent for cellu¬ 
lose esters. 

Benzyl butyrate, C3H7COOCH2CGH5, is a liquid ester 
soluble in alcohol or ether. It has a heavy fruity odor and 
is used for blending in odorants and flavorings. 

Ethyl valerianate, ethyl valeriate or valerianic ether, 
C4H9COOCoHr„ is a colorless liquid, slightly soluble in water 
and miscible with alcohol or ether. It is used in flavors and 
odorants. Amyl valerianate or amyl valerate, C4HoCOOCr,Hii, 
is similar. 

Methyl acetoacetate, CH3COCH2COOCH3, is a colorless 
transparent liquid produced by the reaction of methyl acetate 
and methyl alcohol in the presence of sodium. It is less im¬ 
portant than ethyl acetoacetate and is used for similar purposes. 

Ethyl acetoacetate, acetoacetic ester or diacetic ester, CH3- 
COCH2COOC2H5, is produced from ethyl acetate and acetic 
acid by reaction with sodium. It is a colorless to light yellow 
liquid with a fruity odor, very soluble in alcohol, soluble in 
many other organic solvents and slightly soluble in water. 
This ester is highly reactive and forms a basis for the so-called 
acetoacetic-acid synthesis reactions; and is used in the prepara¬ 
tion of drugs such as antipyrine, perfume materials such as 
ionone, dyestuffs, etc. 

Amyl caproate or isoamyl caproate, Cr,HiiCOOCr,Hii, is a 
colorless to light yellow ester, soluble in alcohol or ether, and 
used in perfume and flavors. 

Ethyl crotonate, CH3CH .CHCOOCiHr,, is a colorless liquid 
with a pleasant odor. It is miscible with alcohol or ether and 
is used in perfumes. 
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Ethyl caproate, Cr,HnCOOC2H5, is a yellow to colorless 
liquid with a pleasant odor, and is soluble in alcohol or ether. 
It is used in making artificial fruit essences and in organic 
synthesis. 

Butyl oleate, CHh(CH.>)7 CH :CH(CH2)7COOC4H9, is a 
light yellow liquid misci])le with alcohol or ether. It is a 
plasticizer for lacquers and nitrocellulose plastics. Amyl 
oleate, CH3(CH2)2CH :CH(CH2)7COOCr,Hii, is a light yellow 
liquid ester useful as a high-boiling plasticizer having solvent 
properties for nitrocellulose. 

Amyl stearate, or isoamyl stearate, CH3(CH2)ioCOOC.,Hii, 
is a colorless to pale yellow liquid which is not solely the 
isoamyl derivative. This ester is very soluble in alcohol or 
ether. It is distillable at reduced pressures and usually con¬ 
tains a small excess of stearic acid, about 1-2 per cent. It is 
used as a high-boiling solvent and plasticizer for cellulose 
esters. 

Triethanolamine oleate or trihydroxyethylamine oleate, 
(HOC2H4)3NHOOCCi 7H33, and triethanolamine stearate or 
trihydroxyethylamine stearate, (HOC2H4)aNHOOCCi7H35, 
are soaps of triethanolamine which arc available on the market 
to meet a small demand. They are also readily made by reaction 
of triethanolamine with the corresponding fatty acid. Uses are 
largely as emulsifying agents. 

Glyceryl stearate or glyceryl monostearate, C17H35- 
COOC3H.-i(OH)2, is an unctuous white solid, a monostcaratc 
of glycerine, the tristearate being tallow. It is both a fat and 
an alcohol and is used in cosmetics, in textile finishes, and as 
an emulsifying agent. 

Diglycol laurate, CnH23C00C2H40CoH40H, is a light yel¬ 
low, liquid ester soluble in alcohol or ether, and used in cos¬ 
metics, textile finishes, etc. It is structurally related to glyceryl 
stearate. 

Diglycol oleate, C17H33COOC2H4OC2H4OH, is a light yel¬ 
low to brown liquid ester soluble in alcohol or ether and slightly 
soluble in water. It is used in cosmetics, polishes, insecticides, 
and textile specialties, as a wetting and emulsifying agent. 
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Diglycol stearate, Ci7H35C00C2H40C:iH40H, is a white 
to brown, unctuous solid. It is soluble in alcohol or ether and 
used in cosmetics, as a lubricant for dies, and as an emulsifying 
agent in varied products. 

Ethyl oxalate or diethyl oxalate, (COOC2H6)2, is decom¬ 
posed by water but miscible with alcohol or ether. The color¬ 
less aromatic liquid is used in organic synthesis, particularly 
that of tartrazine and phenobarbital. It is also a lacquer 
solvent of limited applicability because of its high price. Butyl 
oxalate or dibutyl oxalate, (COOC4H9)2 and amyl oxalate or 
diamyl oxalate, (COOC5Hii)2, are colorless liquid esters of 
oxalic acid and the corresponding alcohols. Properties, prices 
and uses are similar to those of the ethyl compound. 

Butyl tartrate or dibutyl tartrate, (HOCHCOOC4Hn)2, is 
very soluble in alcohol or ether. It is a colorless liquid freezing 
at about room temperature, used as a plasticizer for plastics 
and lacquers. Both domestic and imported grades are quoted, 
the latter being much more expensive. 

Tributyl citrate, C3H4(OH)(COOC4Ho)3, is a light yellow 
liquid with but a trace of odor. It is soluble in several organic 
solvents. Uses are as a plasticizer for cellulose acetate and 
solvent for nitrocellulose. 

Tributyl phosphate, (C4H9)3P04, is a colorless to light 
yellow liquid used as a plasticizer in nitrocellulose plastics 
and in lacquers. 

Triamyl borate, (CnHii) 3 B 03 , is a colorless liquid, soluble 
in alcohol or ether, and used for wetting and dispersing pig¬ 
ments. It is obtainable by the direct heating of boric acid and 
amyl alcohol. 

Glycol boriborate, is a liquid of somewhat indefinite com¬ 
position. It is the product obtained by heating glycol, sodium 
borate and boric acid, and is a light yellow liquid soluble in 
cold water, easily soluble in hot water and in absolute alcohol, 
glycerine and other alcohols. It is an adhesive, a binder for 
compounds to be fixed by heating, a softener for fabrics and 
a fire retardant. Glycerol boriborate or glycerine boriborate, 
is similar in properties to glycol boriborate. 
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Ethyl carbonate or diethyl carbonate, (C2H5)2C03, is 
formed synthetically. Phosgene and ethyl alcohol react to 
form ethyl chlorocarbonate, C2Hr,C02Cl, which reacts with 
anhydrous ethyl alcohol to give the product. This is redistilled 
to give a colorless liquid of ethereal odor, miscible with alcohol 
or ether. Both commercial or 90 per cent, and a 99 per cent 
refined grade are available. The ester is used as a solvent 
and plasticizer in lacquers and plastics, and in organic synthesis. 
The intermediate, ethyl chlorocarbonate is also sold as 
a colorless liquid soluble in alcohol or ether, and used as a 
reagent in organic synthesis. It is usually about 90 per cent 
pure. 

Methyl heptine carbonate or methyl heptyne carbonate, 

Cr.HiiCH .CHCOOCH.t, is a colorless oily liquid having an un¬ 
pleasant odor. It is insoluble in water but miscible with alcohol 
or ether. This ester is expensive and is used in perfume for 
violet tones. Methyl octine carbonate, CoHiaCH rCHCOOCHs, 
is similar in structure and properties but more pungent. 

Ethyl nitrite or nitrous ether, C2Hr,N02, is a colorless to 
yellowish, highly volatile, inflammable, oily liquid prepared 
by the action of nitrogen trioxide on ethyl alcohol, or by treat¬ 
ing alcohol with sodium nitrite and sulfuric acid. It is miscible 
with alcohol and soluble in ether. Uses are in the preparation 
of other organic compounds and in medicine. U. S. P. spirit 
of ethyl nitrite is an alcoholic solution containing 3 . 5 - 4.5 per 
cent of the ester. Amyl nitrite or isoamyl nitrite, Cr.HiiNOo, 
is a clear yellow, highly inflammable liquid with a fruity odor 
and aromatic taste, which is miscible.with alcohol or ether. It 
is prepared in the same way as ethyl nitrite, and is used in 
medicine, or occasionally in organic synthesis. 

Ethyl silicate or tetraethyl orthosilicate, (C2H.-i)4Si04, is a 
colorless liquid with but little odor. It is one of the very 
few compounds of orthosilicic acid and is obtained by the 
reaction of alcohol and silicon tetrachloride or of sodium ethy¬ 
late and silicon tetrafluoride. This is soluble in water with 
slow hydrolysis to ethyl alcohol and silicic acid. Uses are 
for the hardening of stone surfaces, in fireproof paints, and in 
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other cases where it is desired to produce silicic acid in situ 
such as in mortars, molding compounds, etc. 

Methyl sulfate or dimethyl sulfate, (CH3)2S04, is a color¬ 
less to yellow liquid, with an ethereal to definitely unpleasant 
odor, depending on impurities* It is produced by the reaction 
of fuming sulfuric acid and methyl alcohol, and is soluble in 
alcohol or ether. Hot alcohol decomposes it. Uses as a re¬ 
agent in organic synthesis are largely as a higher-boiling 
substitute for methyl halides. Ethyl sulfate or diethyl sulfate, 
(C2H{5)2S04, is similar in preparation and properties, and is 
used in place of ethyl halides. 

Diamyl sulfide, (C5Hii)2S, is a yellow mixture of various 
isomeric amyl derivatives produced by reaction of amyl chloride 
with alcoholic potassium sulfide. It is a synthetic-organic re¬ 
agent. 

Nitrocellulose is a mixture of cellulose nitrates obtained 
by treating cellulose with nitric acid in the presence of sul¬ 
furic acid. The term nitrocellulose, which is almost universally 
used, implies a nitro-compound structure but the true struc¬ 
ture is that of cellulose nitrate, for which the formula (CcHo 
(N03)c)in would represent the highest possible degree of ni¬ 
tration. Various degrees of nitration and differing types of 
products are obtained according to the concentration of acid 
used, temperature and time of reaction. The solubility of the 
products also varies according to the degree of nitration, those 
having the highest nitrogen content being insoluble in an ether- 
alcohol mixture, those with a lower nitrogen content being 
soluble. The subject is further complicated by the low viscosity 
of solutions of cellulose nitrate when a high degree of nitra¬ 
tion has been followed by acid hydrolysis with acetic acid. 
This type is the so-called “low-viscosity cotton.” The nitrogen 
content of nitrocellulose may vary from 6-7 per cent to 13 - 13.5 
per cent. 

The highest degree of nitration yields a product used as 
guncotton in explosives. While an article of commerce, it is 
not freely available. Products containing less nitrogen still 
vary considerably among themselves. The higher proportions 
of nitrogen give nitrocelluloses used in smokeless powder and 
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dynamite, and therefore still restricted as to sale. The nitro¬ 
cellulose of commerce will stand heating to 135 °C. without 
decomposition, as detectable by methyl violet paper. This 
material is shipped wet with 30 per cent of denatured alcohol, 
and so long as it does not dry, is not considered more danger¬ 
ous than the alcohol with which it is moistened. The nitro¬ 
cellulose manufacturer also often ships nitrocellulose with 
part or all of the solvents desired by the purchaser, billing for 
each separately. The solvents used are constantly changing 
to meet modifications in the art of producing lacquers. 

The viscosity of nitrocellulose is almost universally used 
for its classification, expressed in terms of time in seconds for 
the fall of a standard ball through the solution under standard 
conditions. Any consideration of the method requires descrip¬ 
tion of the instrument. The standard glass tube is 14 inches 
long and 1 inch in diameter. Marks are etched on the tube 
approximately 2 inches from each end, thus setting of? a length 
of 10 inches. One end is closed with a cork stopper. The 
standard ball is a 5 / 16 -inch ball bearing with a weight of ap¬ 
proximately 2.04 grams. Temperature is standardized at 25 ''C. 
The solution used is as follows: 12.2 per cent of nitrocellulose, 
22.0 per cent of denatured ethyl alcohol containing 5 per cent 
of methanol, 17,5 per cent of ethyl acetate, and 48.3 per cent of 
toluene. For a half-second nitrocellulose, this is modified to 
20 , 20 , 16 and 44 per cent, respectively, and for quarter-second 
nitrocellulose to 25 , 18 . 7 , 15.0 and 41.3 per cent. The nitro¬ 
cellulose so used must be dried, usually by hot air at 65 - 75 °C. 
When overheated, nitrocellulose in any degree of nitration 
may explode. The time in seconds multiplied by 3.77 gives 
viscosity in poises. The method is only accurate to about 5 
per cent. 

Pyroxylin is another term for nitrocellulose and is com¬ 
monly applied only to products of a degree of nitration below 
the explosive grade, more particularly to tetranitrocellulose. 
Important forms are sheets, rods, film, etc. Pyroxylin lacquer 
is a solution of pyroxylin in suitable solvents. It is relatively 
unimportant because the concentration of solids is low. 
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Collodion is a U.S.P. preparation containing 40 grams of 
pyroxylin per liter in a mixture of 3 parts of ether to one part 
of alcohol by volume. Flexible collodion consists of 20 grams 
of camphor and 30 grams of castor oil dissolved in collodion, 
and diluted to one liter with the collodion. It is also U.S.P. 
These collodions are used mainly for coating molds, but the 
compositions differ but little from those used in many other 
ways. Special collodions are also available. Alcohol-soluble 
grades of nitrocellulose are sold at V2“Second and 40 -sccond vis¬ 
cosities. Bronzing nitrocellulose is sold at viscosities of 30 , 
40 and 70 seconds. The ester-soluble grade most used in lac¬ 
quers is sold at viscosities of 5 - 6 , 15 - 20 , 20-30 and 60-80 

seconds. 

Quarter-second nitrocellulose and half-second nitrocellulose 

are used for the manufacture of lacquers for application by 
spray or brush. Alcohol-soluble grades enter into products 
where a high content of anhydrous alcohol is desired in the 
solvent. Higher-viscosity nitrocellulose is similarly used where 
a thinner film is desired. Some higher-viscosity nitrocellulose 
is used for wood lacquers. Dope nitrocellulose is a 15 -second 
grade, and is used for clear and pigmented lacquers with large 
gum contents, for bodying other nitrocelluloses, and to water¬ 
proof shellac. Such nitrocelluloses for lacquer use are some¬ 
times called soluble cotton. Bronzing nitrocellulose is specially 
prepared to hold bronze powders in solution without gelation. 
Silver lacquer nitrocellulose is a 20 -second grade used for coat¬ 
ing polished silver articles. Nitrocellulose emulsions are nitro¬ 
cellulose solutions in solvents, dispersed in water as an emul¬ 
sion. 

Celluloid scrap or pyroxylin scrap is the material left when 
the original celluloid blocks are cut or sawed into useful articles. 
Some rejects from molding operations fall in this class. Celluloid 
shavings or pyroxylin shavings are similar. They consist of 
nitrocellulose with camphor or equivalent plasticizer. The 
scrap is sold as mottled, amber, black, colored, transparent, 
ivory, gray, etc., and the shavings as amber, mixed-colored 
and white. Prices vary widely from the transparent or highest 
price to mixed or cheapest grades. The scrap is used as a 
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cheap substitute for nitrocellulose in adhesives, lacquers where 
low viscosity is not essentiah some plastics, etc. 

Film scrap consists of celluloid cuttings of used or dis¬ 
carded film from which the emulsion has been removed for 
recovery of its silver content. Grades sold are water white, 
light colored and dark colored. It is used in much the same 
way as celluloid scrap, with which it is competitive in price. 
Sheets recovered from used X-ray films by removal of the 
])hotographic emulsion from the surface are also an article of 
commerce but are re-used in making novelties such as buttons, 
license holders and ornaments, and are not sold as film scrap. 

Methyl benzoate, essence of Niobe, or oil of Niobe, CeHs- 
COOCHa, is miscible with alcohol or ether. It is a colorless 
liquid, occurs in several essential oils and is used in perfumes. 
In flavors it has the general taste of currants. Ethyl benzoate, 
C^HnCOOCaHn, and isobutyl benzoate, C6H5COOCH,CH- 
(CHa) 2 , are similar to methyl benzoate, slightly more ex¬ 
pensive, sweeter in tone and not as strong. Amyl benzoate, is 
normally isoamyl benzoate, CGHr»COOCr,Hii, a colorless liquid 
soluble in alcohol. The odor resembles that of ambergris. The 
ester is used in perfumes as a fixative and in soaps with new- 
mown hay odors. 

Benzyl benzoate, CoH.riCOOCtGCeHs, is soluble in alcohol 
and miscible with ether. It is prepared by the reaction of 
sodium benzoate and benzyl chloride, by esterification of ben¬ 
zoic acid with benzyl alcohol, or by treating benzaldchyde with 
alcoholic potassium hydroxide. The colorless liquid is some¬ 
times contaminated with benzaldchyde. It is used as a per¬ 
fume fixative and a solvent for musk, as an expensive solvent 
for cellulose acetate or nitrocellulose in suitable products, to 
replace camphor in celluloid, in medicine, and in flavors for 
candy and chewing gum. 

/>V/a-naphthol benzoate, ^-naphthol benzoate or benzo- 
naphthol, CoHnCOOCioHT, is prepared by the reaction of 
benzoyl chloride and /^c^a-na]dithol. The white crystalline 
powder is soluble in hot alcohol or in chloroform. It is used 
in medicine. 
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Methyl salicylate, HOC0H4COOCH3, is a colorless, yellow¬ 
ish or red-brown liquid, soluble in alcohol and miscible with 
ether. Aside from esterification reactions for its synthesis, it 
is distilled from the leaves of Gaulthcria procumbcrs or the 
bark. of Betitla Icnta, The U.S.P. standard requires 98 per 
cent purity and labeling as to source. It has the odor and 
flavor of wintergreen and is used in perfumery and flavoring 
materials, and in medicine. Because of its relatively low cost 
it is added as a “cover-odor” to many industrial products, 
added to many perfumes, and used particularly in perfume 
sprays. 

Amyl salicylate is isoamyl salicylate, HOCGH4COOC5Hn, 
a colorless to yellow oil, very soluble in alcohol and miscible 
with ether. Lower esters and free isoamyl alcohol are some¬ 
times present as impurities but grades over 99 per cent pure 
are available. The odor is variously described as that of or¬ 
chids or clover. It is used in perfumes as an odorant and 
fixative, especially for soaps, and in medicine. The odor is 
very persistent. Isobutyl salicylate, HOCCH4COOCH2CH- 
(CH3)2, is similar in properties but has more l)ody and is 
much more expensive. 

Phenyl salicylate or salol, HOCUH4COOCCH5, is a white 
crystalline material, very soluble in alcohol and extremely so 
in benzene. It is prepared by heating salicylic acid and phenol 
in the presence of phosphorus pentachloride as a dehydrating 
agent. The product has a slight aromatic odor. U.S.P. 
granular or powdered grades melting at 41 - 3 °C. are used in 
medicine and as a preservative. 

Benzyl salicylate, HOC0H4COOCH0C6H5, is a white 
crystalline ester, very soluble in alcohol. It is a fixative for 
perfumes and a solvent for musks. It is used particularly with 
carnation, jasmine and lilac blends. 

Menthyl salicylate, HOC6H4COOC10H10, is a colorless, oily 
liquid with a menthol odor. It is soluble in alcohol or oils, 
and contains considerable free menthol. It is used medicinally 
and in sun-tan preparations. 
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Isobomyl salicylate, HOC6H4COOC10H17, is an oily liquid 
soluble in alcohol, ether or oils. Bornyl salicylate is an isomer. 
The two esters are used as perfume fixatives, and the iso com¬ 
pound in sun-tan preparations as a fluorescent compound which 
alters the wave length of light passing through it. 

Methyl cinnamate, CeHsCH iCHCOOCHa, is a colorless 
crystalline compound, soluble in ether and very soluble in 
alcohol. It has an odor resembling that of strawberries and 
is used in flavoring materials and perfumes, particularly as a 
soap perfume. 

Ethyl cinnamate, CoHsCH :CHCOOC2H5, is a colorless, oily 
liquid soluble in alcohol and very soluble in ether. It has an 
odor resembling that of cinnamon and is used in flavoring 
extracts and perfumes. 

Benzyl cinnamate, CgHsCH :CHC00CH2C6H5, is a white, 
crystalline ester, soluble in alcohol or ether. It has a pine-like 
tone and is used as an odorant and fixative. 

Methyl anthranilate, H2NC6H4COOCH3, is a colorless, 
crystalline compound, slightly soluble in water and very soluble 
in alcohol or ether. It turns yellow on exposure to sunlight. 
This ester is prepared synthetically and occurs in many natural 
essential oils. The material has an odor variously described 
as like that of orange flowers or of grapes. It is sometimes 
called artificial oil of neroli. The ester is used in orange-flower, 
gardenia and honeysuckle perfumes and in artificial strawberry 
and grape flavors. Dimethylanthranilate, CH3NHC6H4- 
COOCH3, is similar in properties and uses. It is much more 
expensive but does not discolor as readily. Ethyl anthranilate, 
H2N2C0H4COOC2H3, is similar to the methyl ester and simi¬ 
larly used, but has a more delicate odor and is more expensive. 

Dimethyl phthalate, CcH4(COOCH3)2, is a colorless liquid 
miscible with alcohol or ether, prepared by the esterification 
reaction of phthalic anhydride and methyl alcohol. It is used 
as a plasticizer in nitrocellulose and cellulose acetate lacquers, 
in celluloid to replace camphor, and in perfumes. Diethyl 
phthalate, C6H4(COOC2H6)2, is similar to the methyl deriva- 
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tive in properties and uses. In addition it is used as a de- 
naturant for alcohol and for oiling textiles. Dibutyl phthalate, 
C«H4(COOC4Ho)o, is similar to the methyl and ethyl com¬ 
pounds in properties and uses. It is also used as a lubricant. 
Dibutoxyethyl phthalate, CflH4(COOC2H40C4Ho)2, is both an 
ester and an ether. It is a plasticizer for nitrocellulose and 
some plastics. Diamyl phthalate, CcH4(COOCr>Hii)2, is 
similar to the other dialkyl phthalates in properties and uses. 
Glycol phthalate, C6H4(COOCH2)2, is a yellow to brown liquid 
soluble in absolute alcohol and in petroleum ether. It is used 
for purposes similar to those of the dialkyl phthalates. There 
is also a glyceryl phthalate which is similar. 

Triphenyl phosphate, (CqH^)sP 04 , is a colorless crystalline 
compound insoluble in water but moderately soluble in alcohol 
or ether. It is a derivative of phenol prepared by boiling 
phenol and phosphorus oxychloride in the presence of zinc 
chloride, treating with alkali, filtering and dissolving the residue 
in ether. Water is removed from the ethereal solution with 
anhydrous calcium sulfate, and after filtration, the ether is 
evaporated oflF. It is used as a noncombustible camphor sub¬ 
stitute in making celluloid, for fireproofing and stal)ilizing cellu¬ 
lose esters and airplane dope, for impregnating roofing paper, 
and as a lubricant and plasticizer in various products, 

Tricresyl phosphate, (C 7 H 8 );jP 04 , is commercially a mix¬ 
ture of the product obtained by treating mixed cresols with 
phosphorus oxychloride as described for making triphenyl phos¬ 
phate. It is a white to yellow liquid insoluble in water but 
very soluble in alcohol or ether. Quoted types are C.P. and 
grades 1 and 2 of technical material, differing in quality and 
price. It is used as an important plasticizer in cellulose ester 
lacquers and plastics. 

Sulfonmethane or sulfonal, (CH3)2C(S02C2H5)2, is a color¬ 
less crystalline compound slightly soluble in cold water, mod¬ 
erately soluble in hot, very soluble in absolute alcohol and 
slightly soluble in ether. It is prepared from anhydrous acetone 
and ethylmercaptan by reaction in anhydrous hydrochloric 
acid. The mercaptole formed is oxidized to give sulfonmethane. 
The latter is used in medicine as a hypnotic and sedative. 
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Sulfonethylmethane, trional or methylsulfonal, CH3C- 
(S02C2H5)2C2Hn, is a white crystalline compound prepared 
by passing anhydrous hydrogen chloride into a mixture of 
anhydrous ethyl mercaptan and methyl ethyl ketone, and oxi¬ 
dizing the resulting product. It has solubilities similar to those 
of sulfonal and is used in medicine as a hypnotic and sedative. 
Trional is a U.S.P. preparation melting between 74 ° and 76 °C. 



CHAPTER XXV 


FATS AND FATTY OILS 

Doubtless many of us think of fats and oils as just another 
form of food, but due to their wide distribution throughout 
the animal and vegetable kingdom, there are many forms and 
they serve many purposes. In solid form this type of material 
is usually called fat, and in liquid form oil, although with this 
classification the same substance might well be a fat in one 
country and an oil in another, according to the climate. Actually 
there is no sharp distinction between fatty oils and fats. There¬ 
fore the terms are somewhat interchangeable. In plants, fats 
and oils are largely stored in the seeds and fruits; in animals, 
in the cellular tissues of the intestines and back, and in the liver. 

Essentially, the chemical composition of fats and fatty oils 
is that of an ester formed by the union of glycerine with three 
molecules of fatty acids, although when isolated from natural 
sources, their composition is never limited to that of a single 
chemical compound. On the hydrolysis of fat, glycerine and 
fatty acids are therefore liberated. A naturally occurring oil 
or fat consists of glycerides in which saturated or unsaturated 
fatty acids may predominate, or fatty acids with longer or 
shorter carbon chains. The majority of glycerides in turn are 
themselves mixtures; for example, dipalmito-stearin, in which 
one molecule of glycerine is coml)ined with two molecules of 
palmitic acid and one of stearic acid; or palmito-oleo-stearin, 
in which three different fatty acids are coml)ined with one 
molecule of glycerine. Although olive oil contains about 75 
per cent of oleic and 8 per cent of linoleic acid, about 60 per cent 
is in the form of mixed oleo-linoleic glycerides. 

Commercial fats contain a small percentage of material other 
than glycerides. This consists of coloring matter, albuminoids, 
resinous substances and sterols. These are all grouped to¬ 
gether under the heading ‘'unsaponifiable matter.'’ The amount 
present is usually 1 to 2 per cent. The sterols differ chemically 
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according to the origin of the fat. Phytosterol is character¬ 
istic of fats of vegetable origin, while cholesterol is character¬ 
istic of fats of animal origin. This furnishes a means of differ¬ 
entiating the general source of fats and oils. The fatty-acid 
content of fats and oils is frequently mentioned in the literature 
as meaning fatty acids present as glycerides rather than as 
free fatty acids. 

Before the World War, fats and oils could be classified 
fairly distinctly between edible and industrial types. During 
the war, fats were at a premium, not only because of their food 
value, but also because of the glycerine which went into ex¬ 
plosives. As fats became more and more scarce, new methods 
of refining and purification were developed. As a result prac¬ 
tically all fats can be used today as a food, except the few like 
castor and chaulmoogra oils which have definite physio¬ 
logical effects. Whether an oil is used industrially or as a 
food depends largely on the degree and method of purification. 
The U.S. Food and Drug Administration defines edible fats and 
edible oils as “such glycerides of the fatty acids as are recog¬ 
nized to be wholesome foods. They are dry, and sweet in 
flavor and odor.” 

Material which is very high in fatty matter can be ren¬ 
dered, that is, boiled up with water. Rendering is applied in 
the production of tallow, lard, bone fat, whale oil, palm oil 
and the best grade of coconut oil. The fatty matter is cut up 
into small fragments, transferred to vessels containing water 
and heated by steam, sometimes under pressure. The cell 
structure is broken up, the melted fat flows out as an oil and 
forms a layer on top of the water, while the membranous ma¬ 
terial settles to the bottom. The oil is drawn off and filtered. 
Residual matter is usually pressed to yield more oil. 

Small nuts and seeds cannot easily be rendered. They 
are freed from sand and other impurities, the shells and husks 
removed, and the kernels converted into meal by grinding. To 
obtain oil for industrial purposes, the meal is heated and then 
pressed. For the preparation of edible oils, the meal may be 
packed in bags and subjected to hydraulic pressure in the cold. 
Cold-pressed oil has less color and contains fewer impurities 
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than oil previously heated. However, the oil extraction is in¬ 
complete by this method. More oil is obtained by pressing 
the same meal at a somewhat elevated temperature. Seeds low 
in oil are always heated before pressing. Various grades of 
oil are obtained according to the care of the manufacturer and 
the temperature of the extraction process. Residual meal is 
used for cattle food or fertilizer. 

Even after the abov^e treatment the cakes may contain as 
much as 10 per cent of oil. If it is desired to obtain this, ex¬ 
traction with volatile solvents is resorted to. Carbon bisulfide 
has been used over a long period for this purpose. Some more 
modern equipment uses petroleum ether for extraction, apply- 
ing types which can be recovered with very little left in the 
oil. Solvent extraction is carried out both cold and hot. It 
may be applied to oil cake or to a coarse fresh meal. The treat¬ 
ment depends on the type of material being extracted and the 
purpose for which the product is to be used. 

Fats such as tallow are often subjected to pressure to 
squeeze out the liquid or ‘‘oleo’' portion and leave the “stearin.” 
The latter may separate from salad oils at low temperatures, 
so that such oils are usually treated to remove it. Oils may be 
chilled, for example to 12 °C. in the case of cottonseed oil, to 
separate out the portion which would solidify at low tem¬ 
peratures. The solid part, called vegetable stearin, is then 
filtered ofT. The liquid portion or filtrate is known as winter oil 
because it will remain unchanged in winter weather, that is 
at low temperatures. Oil which has not been so treated is 
called summer oil. Summer oil may precipitate out solids, 
illustrated by the occasional clouding of salad oil when kept in 
a refrigerator. To improve the color of oils and fats, they may 
be filtered through adsorbents such as diatomaceous earth, ac¬ 
tivated carbon, etc. 

Free fatty acids in oils and fats, for most purposes, are 
considered contaminating agents, so that the purity of a product 
is often defined by giving both color and free fatty acid content. 
For example, peanut oil imported from the Orient is described 
as edible when it contains less than 2 per cent of free fatty acids 
and has a light yellow color. Prime yellow peanut oil must not 
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contain more than 0.2 per cent of free fatty acids, while choice 
refined must not contain more than 0.1 per cent. Many of our 
edible oils actually contain less than 0.05 per cent of free fatty 
acids. 

Probably the best known method of purification is to heat 
the fat, if necessary, to liquefy it. To the liquid is added a 
sufficient amount of aqueous solution of caustic soda to react 
with the free fatty acid, converting it to soap. Because of the 
small amount of water present, this soap is insoluble and 
therefore the filtration of the oil through fullers' earth or other 
adsorbents removes the soap as well as color and odorous 
contaminants. Free fatty acid content is therefore in general 
indicative of the degree of refinement, rather than character¬ 
izing an individual fat or oil. Much color, high fatty acid 
content and the presence of extraneous matter, mark a low 
degree of refining. 

Some oils are blown with air to remove undesirable odors 
and brighten them. When carried out to any substantial ex¬ 
tent, particularly with drying oils, this thickens them and they 
are known as blown oils. There are numerous other methods 
of treatment, bleaching with hypochlorites, bleaching with 
potassium bichromate and sulfuric acid applied particularly to 
palm oil, etc. 

One method of preparing lard combines rendering and re¬ 
fining in one operation and is said to yield a high-grade lard. 
\"acuum protects the lard from contact with air during the 
whole process. Continuous extraction of an oil-bearing mass 
by a solvent, applying the counter-current principle is carried 
out in various types of structures. A continuous method for 
refining oil with lye is in use. In other processes, oils are 
refined with phosphoric acid. Another treatment is with boric 
acid at temperatures above 1 (X)°C., followed by distillation. 
Liquid ammonia and alkylolamines are used for refining fats, 
oils and waxes. Fish oils are decolorized and deodorized by 
polymerization at 200 - 300 °C. under reduced pressure. Oils may 
be treated with peroxides at temperatures below 75 °C. to im¬ 
prove subsequent bleaching by adsorbents. 
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The demand for hard fats is such that oils are frequently 
hardened by hydrogenation, that is, unsaturated bonds are 
changed to saturated bonds by the addition of hydrogen. This 
is accomplished by passing hydrogen gas through the oil, which 
is intimately mixed with a metallic catalyst such as nickel, 
nickebaluminum alloy, etc. The process is carried out at an 
elevated temperature. Much work has been done to evolve 
new and efficient catalysts. The hydrogenated oil is filtered 
hot to free it from the catalyst and the latter recovered. 

Fats and oils are frequently classified according to their 
capacity for absorbing iodine. Those with a high capacity for 
absorbing iodine, that is, with a high proportion of double 
bonds, are called drying oils; those intermediate in capacity 
are called semidrying, and those of low capacity, nondrying. 
Solid animal fats are nondrying. In general the nondrying 
and semidrying oils are used as foods and as lubricants and 
the drying oils as paint and varnish ingredients. Drying oils 
gradually become oxidized on exposure to air by taking up 
oxygen at the double bonds. Either may be used as soap stock 
according to the market, but the nondrying oils are preferable 
because they impart less odor to the soap produced. 

The classification followed below is a combination based 
on both character and source. It would be impossible to in¬ 
clude all the known fats and oils. The intention is to list the 
more important commercial products. Similarly it is impossilde 
to include all of the uses of an oil. The more important ones 
are mentioned. The physical constants are mentioned in the 
context only when explanatory of a special use. 

As a convenient classification, fats and oils are listed under 
headings of animal fats and oils, vegetable fats and oils, and 
fish oils, with a supplementary class of fish-liver oils. Roughly 
they are given in order of decreasing melting point. This 
brings closely related fats and oils near each other. 

Fats and oils are insoluble in water, soluble in ethyl ether, 
petroleum ether, carbon bisulfide, carbon tetrachloride, chloro¬ 
form, benzene and naphtha. They are slightly soluble in alcohol, 
except for castor oil, which is readily soluble. Castor oil also 
dissolves in acetic acid. Fats and oils mix with each other 
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and with mineral oils, with the exception of castor oil which is 
immiscible with mineral oils. Specific solubilities of individual 
oils are therefore unnecessary. 

Oils and fats are characterized by chemical and physical 
constants, the more common being shown in the tables at the 
end of this chapter. This avoids much detailed description 
with each oil. The melting point of fats is the temperature at 
which they melt as the temperature is raised gradually, not 
necessarily the same as the solidifying point. The specific 
gravity of fats is the ratio of the weight of a definite volume 
to the weight of the same volume of water. The saponification 
value of fats is the number of milligrams of potassium hydroxide 
necessary to saponify completely one gram of the fat or oil. 
The iodine value of fats is the percentage of iodine with which 
the sample reacts under standard conditions. The refractive 
index measures the refraction of monochromatic light when 
passing from air into the oil or fat. The percentage of un- 
saponifiable matter in fats is the percentage of matter present 
which is incapable of saponification. Specific gravity and re¬ 
fractive index are referred to a definite temperature, since the 
values vary with temperature. For more complete tables of 
constants consult a standard chemical handbook. 

Fatty acids of many types, which are closely related to the 
oils used as soap stocks, have been discussed in their proper 
chemical classification under organic acids. These include 
related products such as rosin oil and tall oil of somewhat 
doubtful classification, ])laced there because they are not fatty 
acid glycerides as are all fats and fatty oils. 

Animal Fats and Oils 

Tallow or animal tallow is a general name which usually 
refers to beef tallow but which may also include mutton tallow 
and horse fat, since the chemical and physical properties of 
the fats from the three sources are closely related. Grading 
other than edible, is by the quality of the tallow rather than 
by source, and will be discussed more specifically under beef 
tallow. In general the classifications are that the highest and 



300 


CHEMICALS OF COMMERCE 


most expensive type is '‘acidless/* with “edible” grade second 
and “extra” a third grade. Lower grades represent less re¬ 
finement. 

Beef tallow is a white to yellow solid and consists mainly 
of stearin, palmitin and olein, containing about two-thirds of 
the first two and one-third olein. It is obtained from beef 
fat by pressing out as much olein as possible. The edible grade 
of beef tallow is used as shortening in food products. Lower 
grades are extra, city extra and special. Tallow is also used 
for the manufacture of stearic acid, for the manufacture of 
leather dressings, and in various lubricating compositions. 
Soap is made from tallow, often from grades derived from 
house grease. This is a fat derived from rendering fatty gar¬ 
bage. It is usually dark brown in color because the fatty matter 
is so often scorched in cooking. 

Stearin or oleostearin is a white solid prepared from first- 
run tallow by submitting it to hydraulic pressure. A liquid 
fraction is squeezed out, leaving the solid stearin lower in olein 
than is tallow. Stearin consists largely of the glyceryl ester 
of stearic acid. A technical grade is sold for use in soap, for 
impregnating fabrics, as a textile size and for water-proofing 
materials. Stearin is also used in margarine. 

Mutton tallow, derived from sheep’s fat, has much the same 
appearance and composition as beef tallow, contains slightly 
less of the liquid fat, olein, and is a little harder. It is put 
to the same uses as beef tallow, but is less desirable because 
of its greater tendency to turn rancid. 

Lard is a white fat obtained from hogs and is somewhat 
softer than tallow. It contains about 40 per cent of palmitin 
and stearin and 60 per cent of olein. Leaf lard No. 1 is obtained 
from the fat around the intestines and kidneys, and is the 
best grade. The next grade, neutral lard No. 2 , also edible, is 
obtained from the fat of the back. Inferior qualities are ob¬ 
tained from any part of the animal with the aid of steam. Com¬ 
mercially quoted grades include choice western, city, middle- 
western, neutral and U.S.P. The U.S.P. grade is defined as 
the internal fat from the abdomen of the hog, free from rancid¬ 
ity, and melting at 36 - 42 ° C. Lard is used in cooking, in mak- 
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ing margarine, in the manufacture of soap, in pharmacy as an 
ingredient of ointments, and in perfumery in the making of 
pomades. Lard compound is a thickened edible cottonseed 
oil. The use of oleostearin for the purpose has been followed 
by the use of stearin from other sources, including hydro¬ 
genated cottonseed oil and vegetable stearin. Benzoinated 
lard is a U.S.P. product prepared by heating 10 grams of Siam 
benzoin with 1000 grams of melted lard at 60°C. for two hours 
and filtering. It may contain 5 per cent of white wax, bleached 
beeswax. 

White grease is a fat very similar to lard in appearance, 
but inedible. It is the fat obtained from the kidneys and back 
of hogs, but which is too high in fatty acid content, or is objec¬ 
tionable in some other way for use in food. Yellow grease is 
the fat obtained from the parts of the hog remaining after those 
parts yielding white grease are separated. It is inedible and 
similar to white grease except in color. Both white and yellow 
greases are used in making soap. 

Butter fat is derived from cow’s milk which contains on an 
average about 3.75 per cent of this fat. When the milk is 
allowed to stand, the fat concentrates in a layer at the top in 
the form of cream. The cream is skimmed off and churned to 
separate the yellow butter fat. This fat differs from other 
natural animal fats in that it contains the glycerides of water- 
soluble fatty acids in considerable amounts, butyric, caproic, 
caprylic and capric acids, in addition to the higher fatty acids. 
The Reichcrt-Meissl value which measures the relative amount 
of volatile acids is very high as compared with that of other 
fats, 24-34. Butter fat is the main constituent of butter, which 
contains about 81 per cent of fat, 15.5 per cent of water, 2.7 
per cent of salt and 0.8 per cent of casein and ash. Butter has a 
naturally deep color when produced from milk in the summer 
months, particularly in June when grass is high in chlorophyll. 
Therefore for the balance of the year the color of “June 
butter” is taken as a standard and that color equaled or ex¬ 
ceeded by the addition of a mixture of bixin and curcumin. 
The former is a vegetable dye derived from the fruit of the 
annatto tree and the latter from turmeric. Certified food colors 
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are also permitted in nearly all states. The artificial coloring 
of butter is so universal as to be exempted from declaration 
of artificial color under the Food and Drug Act. Butter fat 
is one of the important sources of vitamin A in the diet. 

Margarine or oleomargarine is a fat product deserving of 
mention because of its commercial importance. Margarine may 
be made from animal fats, from vegetable fats and oils, or from 
a mixture of these. The basis of animal margarine is oleo oil, 
the liquid fraction which separates from a hard fat when tallow 
is pressed. Vegetable margarine is usually composed of a 
hard fat mixed with a liquid oil. The hard fat portion may be 
25 per cent of hydrogenated oil or 65 to 70 per cent of coconut 
or palm kernel oil. Many liquid oils are used, including cotton¬ 
seed, peanut, soybean, etc. In mixed margarine either first- 
run tallow or stearin may be combined with highly purified 
liquid vegetable oils. The fat charge is churned or emulsified 
with milk, which has been soured under controlled conditions, 
to give the product a butter flavor. Annatto or other coloring 
matter may be added and in some cases a vitamin concentrate 
is added so that the margarine will have the same nutritional 
value as butter. In the United States these additions are re¬ 
stricted by high taxation. In some countries it is required by 
law that a harmless substance be added to margarine so that 
it can be distinguished readily from butter. This is usually 
sesame oil. 

Levies on foreign oils imported into the United States vary 
from time to time and bring about corresponding variations 
in prices and in the production of domestic oils. Several states 
have levied state taxes on margarine containing oil or fat not 
of domestic production. This resulted in increasing the use 
of cottonseed oil as well as beef oleostearin, and decreasing 
the use of coconut oil in margarine, in these localities. In the 
early part of 1935 only 16 per cent of the margarine produced 
in the United States contained mixed animal and vegetable oils, 
the other 84 per cent was made from vegetable and nut oils. 

Degras or wool grease is a crude dark-colored grease ob¬ 
tained in the process of degreasing sheep’s wool. Some grades 
contain fatty acids derived from the soap used in wool wash- 
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ing. This leads to the quotation of common degras and neutral 
degras. Both are available in domestic and English grades at 
competitive prices. Degras is used in printing inks, in special 
soaps, in leather dressing and for the production of lanolin. 
A fatty substance obtained by the action of oxidized fish oil in 
chamoising leather is also called degras, usually moellons or 
moellons degras. 

Lanolin, lanum or refined wool fat is a brownish yellow to 
nearly white unctuous grease obtained by purifying wool 
grease. It is more closely related to waxes than to fats because 
it contains a major portion of cholesterol esters of fatty acids 
instead of glyceryl esters. Technical and U.S.P. grades are 
sold, both hydrous, adcps lanae hydrosus, and anhydrous, adeps 
laiiae. U.S.P. hydrous lanolin contains 25-30 per cent of 
water; the anhydrous melts at 38-42°C. Lanolin has the 
property of taking up a large amount of water to form a stable 
emulsion. The l)etter grades are used as an ointment base, a 
superfatting agent for toilet soaps, and very widely in cos¬ 
metic creams. Lanolin is one of the few fats absorl)ed by the 
skin and therefore finds use in skin-softening, sunburn and 
‘'skin food’' preparations. Poorer grades are used in leather 
dressing as a finishing and softening agent. 

Oleo oil is a yellow liquid obtained by cold-pressing first- 
run tallow, that is, the tallow obtained in the first rendering 
process. The liquid portion is separated by hydraulic presses 
and consists mostly of olein, with a small amount of palmitin 
included. Grades are No. 1 and No. 2. Another grade is 
known as acidless oleo oil or acidless tallow oil. Various 
grades of oleo oil are used in making margarine and soap, and 
as a lul^ricant base. 

Lard oil is a colorless to yellow liquid obtained by cold¬ 
pressing lard, the same as oleo oil is obtained from tallow. The 
chief constituent is olein, with a small percentage of the 
glycerides of higher fatty acids. There are numerous grades 
such as common no. 1, common no. 2, extra, extra no. 1, head¬ 
light burning, prime edible, prime inedible, winter prime and 
winter strained. Cottonseed oil or petroleum oil are sometimes 
used to adulterate inedible grades. Uses are varied, for food 
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manufacture, for burning for special purposes, etc. Large 
amounts are used in metal-cutting compounds and for oiling 
wool. It is too expensive for use as soap stock. 

Neatsfoot oil, bubulum or hoofoil is a pale yellow oil ob¬ 
tained from the shin bones and feet, not hoofs, of cattle. It 
usually contains only a relatively small portion of oil derived 
from horses. It is sometimes sold according to the temperature 
at which stearin separates, that is, 20°, 30° and 40° F. Other 
designations are cold test, extra, extra no. 1, pure and special. 
Its uses are as a lubricant for delicate machine parts, for oiling 
wool, and for high-grade leather dressing. It is an expensive oil 
and is sometimes adulterated with corn, rapeseed, cottonseed, 
fish, or mineral oil. 

Seal oil varies in color from brown to colorless. The oil 
is graded according to color, the poorest being darkest, brown, 
yellow, straw and water-white. Its use is for soap manufacture 
and leather dressing. 

Bone fat or bone oil is obtained from the bones of animals 
by rendering them with hot water or steam, or extracting 
with an organic solvent. It is used in making soap and in 
pharmacy for the preparation of pomades. 

Whale oil, train oil, body oil or blubber oil is a yellow to' 
brown oil with a fishy odor, obtained by boiling up the blubber 
or protective layer of fat which lies just under the skin of the 
whale. The oil is graded as crude no. 1, crude no. 2, natural 
winter, bleached winter and natural refined. It is frequently 
sold on the basis of its free fatty acid content, or with a 
maximum acid-content guarantee. It is used in soap, for lubri¬ 
cation, illumination, leather dressing, and tempering steel. 
After refining and hardening by catalytic hydrogenation, it 
may be deodorized for use in food products such as margarine. 

Porpoise jaw oil is light yellow. Its chief use is as a lubri¬ 
cant for watches and other delicate instruments made of steel. 
Its value lies in its noncorrosion of metal and freedom from 
any tendency to gum or thicken, even at low temperatures. It 
is extremely expensive. Porpoise body oil or dolphin oil i^ 
also pale yellow. It is used as a lubricant for fine machinery 
and as a leather dressing. 
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Turtle oil is a yellow semisolid oil obtained from the eggs 
and the body fat of turtles. Like cod-liver oil it is valued for 
its high vitamin A and D content. Some is used in cosmetics. 
The price is high. 

Egg yolks are the yolks of hens' eggs obtained after sep¬ 
arating the whites. The yolks are mixed with salt or sugar, 
and sometimes with borax as a preservative, and enter the 
market as a yellow to orange semisolid. Domestic and im- 
])orted grades are quoted. They are high in fats, and are used 
in baking for their food value, as an emulsifying agent and 
fatty constituent in pharmaceuticals, in leather dressing and 
as a tawing agent on skins. Frozen egg yolks are also sold. 

Vkoetable Fats and Oils 

Cocoa butter, cacao butter or oil of theobroma is yellowish, 
hard and brittle. Since it is separated from chocolate it has a 
chocolate odor and taste. The U.S. Food and Drug Adminis¬ 
tration defines edible cocoa butter as the edible fat obtained 
from sound cacao beans (seeds of Theobronia cacao or other 
closely related species), either before or after roasting. The 
main ingredients are glycerides of stearic, palmitic and laiiric 
acids. It is sold as crude and refined. While the latter is 
quoted in quantities as lumps, it is formed into cakes for minor 
sales. It is also sold as a U.S.P. product melting at 30-35°C., 
which must be from the roasted cacao. Cocoa butter is used 
in pharmacy in ointments and suppositories, for coating pills 
and in some cosmetics. It is also used in confectionery in con¬ 
junction with chocolate which requires additional cocoa butter. 
The use of other fats for this purpose is not permitted. Cocoa 
butter is relatively expensive and therefore does not compete 
in a general way with other fats and oils for edible or industrial 
purposes. 

Japan wax, Japan tallow or sumac wax is chemically not a 
wax but a glyceride. This wax-like fat comes from the fruit 
of a Japanese sumac tree. It consists mostly of glyceryl pal- 
mitate with 4-12 per cent of palmitic acid. Japan wax is used 
in making candles, and as a substitute for beeswax in polishes. 
It is fairly expensive and therefore not used as soapstock. 
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Bayberry wax is a wax-like fat consisting largely of the 
glycerides of palmitic, myristic and lauric acids. It is obtained 
by boiling the berries of the bayberry or wax-myrtle shrub, 
when the wax on the berries melts and floats to the surface 
where it can be collected. The green, rather brittle, solid fat 
is imported and used in making candles for the pleasant odor it 
gives when burned. 

Palm oil or palm butter is reddish yellow and contains 
glycerides of palmitic, stearic and oleic acids. The fresh oil 
has a violet-like odor. Commercially it often has the odor 
of fatty acids from rancidity. It is obtained from the fermented 
pulp of the fruit of the palm tree, Ela^ris guincensis, grown in 
South America and West Africa. Niger and Sumatra grades 
are quoted. The ‘"soft” oils of commerce are those low in free 
fatty acids, the “hard’' oils, those high in free fatty acids. The 
crude oil develops free fatty acids with great rapidity. Soft 
oil is quoted as 12 J /2 and 20 per cent, meaning content of free 
fatty acids calculated as palmitic. Palm oil is used in the 
manufacture of soap and candles, as a lubricant, as a rubber 
softener, and in the tin-plate industry. For soap making, the 
naturally orange-colored oil is bleached by oxidation, either 
chemically or by air. 

Chinese vegetable tallow is a white amorphous fat derived 
from the fruit of the Chinese tallow tree. It is used for making 
soaps and candles, and as a lubricant. The supplies and price 
are highly variable. Some is used in making kosher soap. 
Shea butter is somewhat similar and is obtained from the seeds 
of the shea tree. Borneo tallow is similarly derived from 
several species of trees. 

Ti-tree oil is an expensive oil from any of a series of Asiatic 
and Polynesian palms and shrubs. It is used only in a limited 
way for medicinal purposes. 

Cottonseed oil is yellow or red to brown, is semidrying in 
type and is obtained from the seeds of the cotton plant. Grades 
are crude, refined, prime summer yellow, bleachable and U.S.P. 
Brazilian, crude, British semirefined and PCY grades are also 
quoted. Crude oil containing not more than 2 per cent of fatty 
acids is refined to give edible oil. Other classifications are 
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domestic cooking and domestic salad grades. The U. S. Food 
and Drug Administration defines the edible grade as the edible 
oil obtained from the seed of the cotton plant, Gossypium her- 
baccum L. or from the seed of other species of Gossypium. 
Cottonseed stearin, the solid portion which separates out on 
chilling the original oil, consists largely of palmitin and is used 
in making margarine, lard compounds, soap, and as a textile 
size. The hydrogenated oil is used as a lard substitute, and the 
oil itself as a salad and cooking oil. It is a major food oil. Cot¬ 
tonseed oil is also used in soap and cosmetic cream production, 
as a leather dressing and a lubricant. The U.S.P. grade of cam¬ 
phorated oil contains 20 per cent of powdered camphor in 80 
per cent of cottonseed oil. 

Tung Oil, Chinawood Oil, Japanese Wood Oil or Wood Oil 

is a brown to yellow drying oil, varying in color according to 
whether the seeds of the tung tree are expressed hot or cold. 
The dark grades of the oil are characterized by a very strong 
unpleasant odor. It has the highest specific gravity, 0.936- 
0.943, of the fatty oils except for castor oil. A characteristic 
])roperty of Chinawood oil is the readiness with which it 
polymerizes. It sets to a hard jelly when heated for a short 
time to 250® C. It also solidifies due to polymerization when a 
saturated solution of iodine is allowed to come in contact with 
the surface of the oil. Tung trees have been planted in Florida 
and are successfully grown there. They are also cultivated 
in several parts of the British Empire, some South American 
countries, and Russia, in an attempt by the various countries 
to have independent supplies of this raw material. Commercial 
grades of the oil are white, yellow, dark and black. Japanese 
tung oil is inferior to the Chinese oil and has poorer drying 
qualities. The oil is used for waterproofing and in protective 
coatings. It has been essential to some types of varnishes. 
Because of its derivation from a natural source, and supply 
largely by importation, it is subject to wide fluctuations in 
price. The American crop is increasing yearly. 

Oiticica nut oil is a drying oil much resembling tung oil in 
properties. This oil from Brazil replaces tung oil to some 
extent in the manufacture of varnish. It is of sufficient im- 
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portance so that futures are quoted. The production is being 
expanded rather rapidly. 

Peanut oil, groundnut oil, earthnut oil, arachis oil or Kat- 
chung oil is a yellow to green, nondrying oil obtained by press¬ 
ing or extracting ground peanut meats. Glycerides of arachidic 
acid give it its characteristic taste. Other high molecular- 
weight acids are also present as esters. The edible grade is 
defined by the U.S. Food and Drug Administration as the 
edible oil obtained from the peanut, Arachis Hypogaca. Many 
grades are quoted, including domestic crude and edible refined. 
Many distinctions in the refined oil are a matter of free fatty 
acid content, varying from 0.1 per cent of free fatty acids for 
choice refined, to 0.25 per cent of free fatty acids for good-olT 
refined, according to the standards of the New York Produce 
Exchange. Peanut oil is used widely abroad as a salad oil and 
in making soap. It serves the same purposes in the United 
States but is less important. This oil also appears as a substi¬ 
tute for olive oil. 

Sesame oil, benne oil, teal oil or gingily oil is a yellow semi¬ 
drying oil expressed from the seeds of a plant commonly grown 
in the Far East. Commercial grades are yellow and white. 
It is edible when sufficiently low in free fatty acid content. The 
edible grade is defined by the U.S. Food and Drug Administra¬ 
tion as the edible oil obtained from the seed of the sesame 
plant, Sesamiim oricntalc, SesaininU' indicnm, or Sesaiimni radiatuin. 
Other grades are semirefined and coast. It is used in mar¬ 
garine, in soap and cosmetics, and in general where olive and 
almond oils are used, and may be an adulterant in these. Some 
countries require the inclusion of a small amount of sesame oil 
in margarine, as the oil gives a color reaction which could 
then be used to distinguish margarine from butter. 

Soybean oil, soya bean oil, Chinese bean oil, soja bean oil or 
soy oil is a pale yellow semidrying oil. The sc)ybean plant is 
cultivated very extensively in Asia and to a rapidly increasing 
extent in the United States. The oil contains mostly olein and 
linolein. The U.S. Food and Drug Administration defines the 
edible grade as the edible oil obtained from the seed of various 
varieties of the soybean plant such as Glycine soja. Grades are 
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crude, refined and coast. The oil is used as an edible oil, in 
soap manufacture, in inks, paints and varnishes and when suit¬ 
ably processed serves as a substitute for linseed oil. Resinous 
materials have been produced from it. Fermented soybean 
oil is an important condiment in the oriental diet. 

Palm-kernel oil or palm-nut oil is obtained from the nut of 
the same species of palm which furnishes palm oil. It has a 
yellowish color and contains the glycerides of a wide range of 
fatty acids from caproic to stearic. It is closely related to 
coconut oil. Crude and refined grades are available. The U.S. 
Food and Drug Administration defines the edible grade as the 
cdi]:)le oil obtained from the kernels of the fruit of the palm tree, 
Elaeis guinccnsis or FJaeis ntelanococca. It is used both as an 
edible oil and as a soap fat. 

Coconut oil or cocoanut oil is a liquid in the tropics and a 
white solid in temperate climates. Occasionally therefore 
it is referred to as coconut butter. It is obtained from the 
fruit of the coconut palm and is extracted from the coconut 
meat by various methods. The content of unsaturated fatty 
acids is very low. Coconut oil contains a high proportion of the 
lower saturated fatty acids such as lauric and myristic, and 
some of the more volatile acids including capric and caprylic. 
Being an imported fat it is taxed. Grades are designated by 
the localities where they are produced, mainly Ceylon, Manila 
and Cochin. The latter is considered the best. An edible 
grade melting at 76°F. is quoted, as well as futures, usually 
for 3 months ahead. The edible oil is defined by the U.S. Food 
and Drug Administration as that obtained from the kernels of 
the coconut, Cocos iiucifcra or Cocos buiyracca. Coconut oil is 
used in large amounts as a soap fat to give lather to white 
soaps. It is the fat used to make hard-water soaps and usually 
kosher soaps. The major part of liquid soaps and liquid sham¬ 
poos are made from it. The refined grade is used in margarine 
and to a lesser extent in cosmetics. 

Copra oil is a light-colored, semisolid oil obtained by ex¬ 
pressing the dried kernels of coconuts. It has about the same 
constants and may be considered as an inferior grade of COCO- 
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nut oil. Copra oil is used in making candles and soap. Some¬ 
times the term is used synonymously with coconut oil. 

Babassu oil is a solid, creamy-white fat obtained from the 
nut of a Brazilian palm. It greatly resembles coconut oil in 
consistency and in general characteristics, and, is used in the 
manufacture of soap. 

Olive oil, sweet oil, Florence oil or Luccu oil is a yellow to 
green, nondrying oil derived from the fruit of the olive tree. 
Various grades are obtained by cold-pressing, hot-pressing, 
and extracting with solvents. The first cold-pressed oil is 
called virgin oil, is very light in color and constitutes the best 
grade. The same oil cake may be pressed a second and a third 
time, pressed hot and finally extracted with solvents. In Cali¬ 
fornia low-grade oil is improved by washing with water and 
carbon dioxide vapor, or by treatment with steam in vacuo. That 
extracted with carbon bisulfide is known as sulfur oil or olive- 
oil foots. The chief constituents of olive oil are olein and 
palmitin. 

According to the standards of the New York Produce 
Exchange, the edible oil should not contain over 1.5 per cent 
of free fatty acids. The U.S. Food and Drug Administration 
defines the edible grade as the edi]>le oil obtained from the 
sound mature fruit of the olive tree, Olca europceo. The com¬ 
mercial grade is much the same as the edible grade except that 
the flavor is not as good and the fatty acid content may be as 
high as 7 per cent. A U.S.P. grade is also prepared. Olive 
oil foots are green and may have a free fatty acid content 
ranging from 20 to 50 per cent. Olive oil is relatively expensive 
and is sometimes adulterated with such oils as cottonseed, 
peanut, sesame and poppy. Denatured olive oil contains oil of 
rosemary, which makes it inedible and permits its import at a 
lower tax rate. Olive oil is used as a food, in ointments and 
cosmetics, for Castile soap manufacture, as a lubricant, a wool 
oil, and in tanning. The olive-oil foots are a soap stock and 
produce a characteristic green bar soap, often imitated by the 
coloring of other soaps of low-titer oils. 

Teaseed oil or tea oil is a straw-colored, nondrying oil 
resembling olive oil. It is obtained from the seeds of a Chinese 
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tree related to, but not the same as the shrub which yields 
tea leaves, and is sold as crude and refined. The oil is used for 
food, in soap making, as a lubricant and as a substitute for 
olive oil in sulfonated grades. 

Sunflower oil is a pale yellow drying oil expressed from 
sunflower seeds. The U.S. Food and Drug Administration 
defines the edible grade as the edible oil obtained from the 
seed of the sunflower, Hclianthus animus. Crude and refined 
grades are sold. It is used as an edible oil, in varnishes and 
in soap. 

Poppyseed oil or poppy oil is colorless to yellow or red, 
and is obtained from the seeds of the opium poppy. It is a 
drying oil. The U.S. Food and Drug Administration defines 
the edible grade as the edible oil ol)tained from the seeds of 
the poppy, Papaver somniferuin. Grades are crude, red and 
white. The white or cold-pressed oil is used as a salad oil, 
for artists’ colors and in varnishes. The dark or hot-pressed 
oil is used for making soft soap and in paints. 

Linseed oil is obtained from the seeds of the common flax, 
and varies in color from yellow to brown. It is a valuable 
drying oil characterized by its unusually high content of the 
glycerides of unsaturated fatty acids, including oleic, linoleic, 
linolenic, and isolinolenic acids. There is a U.S.P. grade of raw 
linseed oil, as well as the technical grades. It is used very 
extensively in making paint, varnish, printing and lithographic 
inks, linoleum and soft soap. Boiled linseed oil is largely used 
in paints. Grades are boiled and double boiled. This term¬ 
inology means that it has been heated and blown with air to 
oxidize it, rather than being boiled. Color is an important 
factor in the many grades available. 

Sulphurated linseed oil is a solution of elementary sulfur 
in linseed oil, prepared by heating the two together. It is a 
thick, brownish red liquid, used as an antiseptic. 

Factice or rubber substitute is a rubber-like solid pro¬ 
duced by heating an unsaturated oil with sulfur or sulfur 
inonochloride. Linseed and rapcseed oil are typical of the oils 
used. Factice is also known as vulcanized oil. Grades vary 
from white through brown to black, and are semitranslucent 
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The material is used in compounding; rubber and as a substi¬ 
tute for rubber in some products. 

Perilla oil is a light yellow drying oil obtained from the 
seeds of a form of mint grown commonly in Japan and East 
India. It has the highest iodine value of any known oil. It 
resembles linseed oil in odor and taste but is inferior in drying 
quality, and has a tendency to form drops rather than a film 
when spread on a smooth surface. Technical grades are sold. 
It is sometimes adulterated with cottonseed oil. In the far 
East it is used as an edible oil. Other uses are in the manu¬ 
facture of varnishes, artificial leather, inks, etc. 

Rapeseed oil, rape oil or colza oil is a yellow to brown semi¬ 
drying oil obtained from the seeds of a plant resembling the 
cabbage. The edible grade is defined by the U.S. Food and 
Drug Administration as the edible oil obtained from the seed 
of the rape plant, Brassica mpus, or from the seed of closely 
related Brassica species which yield oils similar in composition 
and character. It is sold as crude and refined or water-white. 
A denatured grade is also sold. It is used as food, as a lubri¬ 
cant, in rubber substitutes and in the heat treatment of steel. 
Blown rapeseed oil was much used at one time as a plasticizer 
in lacquer but has been largely replaced by other substances. 

Corn oil or maize oil is a pale yellow, semidrying oil ob¬ 
tained from the germ of the kernel of Indian corn. The U.S. 
Food and Drug Administration defines the edible grade as the 
edible oil obtained from the germ of Indian corn, or maize, 
Zea mays. It is used mainly as a food oil, either in the original 
form as a salad oil or after hydrogenation as a solid shortening. 

Hempseed oil or hemp oil is a light green drying oil which 
turns yellow on standing. It is obtained from the seed of hemp. 
Cannabis sativa. Crude and refined grades are sold. The oil 
resembles linseed oil and is used in paints and varnishes, and 
in soft soap. 

Croton oil or tiglium oil is a yellow to brown, semidrying 
oil expressed from the seeds of a tree which grows in south¬ 
eastern Asia and China. It contains olein and glycerides of 
the saturated fatty acids from lauric to stearic. Grades are 
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technical, and U.S.P. Its use is in medicine as a powerful 
purgative. 

Walnut oil is a yellow to greenish oil obtained from the nut 
of the English walnut tree, Juglans regia. Crude and refined 
grades of this oil are sold for use in varnishes and paints. 

Sweet almond oil is a yellow, nondrying oil, and consists 
largely of olein. This is quite different from bitter almond oil 
which is an essential oil. Technical and U.S.P. grades are sold. 
It is used in perfumes, cosmetics, as an emollient in pharmacy, 
and as a lubricant for fine instruments. Because of its relatively 
high price, it is replaced as far as possible by cheaper oils for 
use in cosmetics. 

Peach-kernel oil is expressed from the kernel of the peach 
seed. It is yellowish and is used as an inexpensive substitute 
for almond oil, competing with olive oil for that purpose. It 
is not to be confused with the essential oil of the same name. 

Apricot-kernel oil is a pale yellow, semidrying oil so similar 
to almond oil that it is used as an adulterant and a substitute 
for the latter. The domestic and the Russian oils are quoted. 

Castor oil or ricinus oil is a yellow to brown nondrying oil 
expressed from the seeds of the semitropical castor-oil plant. It 
has the highest specific gravity of the known fatty oils, 0.950- 
0.968. Castor oil is characterized by its high content of ricin- 
olein, the glyceride of an unsaturated hydroxy fatty acid. This 
gives it the properties of miscibility with alcohol and in¬ 
solubility in mineral oil. Grades are medicinal, U.S.P., AA, No. 
1 and No. 3. The usual industrial grade is No. 3. It is used in 
medicine for its cathartic action, as a lubricant, especially for 
airplane engines, a leather preservative, in textile treatment, 
for fly paper, for sulfonation, in rubber substitutes, in cos¬ 
metic creams, hair dressing and in fluid pressure-transmission 
liquids. Blown castor oil is used in polishes, and at, one time 
was used extensively as a plasticizer in lacquers, but has been 
largely replaced by synthetic products. 

Chaulmoogra oil or gynocardia oil is a thick, brown to yel¬ 
low oil or whitish fat obtained from the seeds of an East Indian 
tree. It consists chiefly of the glycerides of chaulmoogric and 
hydnocarpic acids. Grades are technical and U.S.P. It is used 
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in medicine in the treatment of leprosy and other skin diseases. 
The price is not competitive with other fats and oils. 

Wheat-germ oil, as the name implies, is a very expensive 
oil derived from the wheat germ. Its content of vitamin E 
renders it particularly valuable for administration medicinally, 
for use in cattle feed to promote lactation, etc. 

Iodized oil is a viscous liquid, light in color but turning 
dark brown on exposure to sunlight. It is produced by treat¬ 
ing vegetable oils with iodine. The U.S.P. grade is sold. This 
contains from 39 to 41 per cent of organically combined iodine. 
It is used medicinally as a source of iodine. 

Fish Oils 

Menhaden, mossbunker or pogy oil is a brownish drying oil 
obtained from the body of the menhaden. Classifications are 
as crude, alkali-refined, blown, kettle-bodied and pressed light. 
The oil has varied uses, for leather dressing, as a substitute 
for linseed oil in making patent leather, in paints and linoleum, 
in printing inks, and when hydrogenated, as a substitute for 
tallow in soap making. 

Sardine oil is a yellow oil obtained by rendering the bodies 
of sardines and also in the canning of sardines. Grades are 
crude, alkali-refined, kettle-bodied, pressed light and poultry- 
feed. It is used in soap when hydrogenated, for leather stuffing, 
as a lubricant and in poultry food. 

Salmon oil is a yellow liquid obtained as a by-product in 
the salmon-canning industry. The crude oil is used in leather 
dressing and the refined oil in making soap. 

Herring oil is yellow to red and is graded by numbers 1 , 2 , 
2 brown, and winter-pressed. It is used in soap, for currying 
and finishing leather, and as a lubricant. 

Fish-Liver Oils 

Cod-liver oil is brown. It contains a fairly large amount 
of stearin. When freed from stearin, it is known as “raked” oil. 
Commercial grades are dark brown, light brown, pale and 
U.S.P. The U.S.P. grade contains at least 600 U.S.P. units of 
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vitamin A and at least 85 U.S.P. units of vitamin D per gram. 
It may contain flavoring substances. There is also a U.S.P. 
nondestearinated cod-liver oil having the same vitamin content 
as the other but consisting of the whole fixed oil, containing 
a maximum of 0.5 per cent by volume of water and liver tissue. 
These edible grades are an important medical source of vita¬ 
mins A and D. Inferior grades are known as Newfoundland 
and Norwegian grades of cod oil and are used in the dressing 
of leather and chamois. After it has been used for the tanning 
of sheep skivers as chamois, it is pressed out and is in an oxi¬ 
dized form known as degras, moellons or moellons degras used 
for leather stuffing. When extracted by alkali instead of by 
pressing, an inferior grade of moellons is obtained known as 
sod oil. Moellons and sod oil have fishy odors as well as those 
characteristic of rancidity. 

Halibut-liver oil or halibut oil is yellow to red and is sold 
in both the crude and refined state. Its concentration of vita¬ 
mins, particularly A, is several times that of cod-liver oil, 
which makes it a valuable aid in nutrition. The crude product 
is used in leather dressing. The edible oil is sold on the basis of 
its vitamin A concentration expressed in thousand units per 
gallon. Commercial oils high in vitamin potency are adjusted 
to the desired standard by dilution with bland U.S.P. vegetable 
oil. usually cottonseed. Other fish-liver oils which have been 
found to have a very high vitamin content are swordfish-liver 
oil and certain tuna-liver oils. 

Shark-liver oil or shark oil is a red to brown oil obtained 
from the livers of several varieties of sharks. Grades are crude 
and refined. The refined oil is used as a source of vitamins A 
and D, and the cruder product in the leather industry, and in 
paint and soap manufacture. 
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Cod-liver oil -lOtoO 0 920-0 92.S 15 5 182-189 135-168 1 4800-1.4852 15 0.5-9.9 

Cod oil, NWoundland... . 0 925-0 935 15.5 about 190 about 129 

Halibut-liver oil. _ ...... r r 

Shark-liver oil. 0 916—0 919 l.S 161—164 114—144 5.5 10.2 
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CHAPTER XXVI 


WAXES 

The true waxes are a class of esters. They differ from the 
fats and oils in being esters of high molecular-weight fatty 
acids with high molecular-weight monohydric alcohols, rather 
than of the trihydric alcohol, glycerine. Examples of true 
waxes are spermaceti, which consists mainly of cetyl palmitatc, 
and beeswax, which is mostly myricyl palmitate. They are 
natural products and therefore often contain free alcohols, 
free fatty acids, hydrocarbons and other impurities, in addition 
to dirt and other foreign matter. Physically they are usually 
harder than the fats, more brittle and less greasy. They may be 
of vegetable or animal origin, such as carnauba wax and bees¬ 
wax, respectively. 

A classification by physical properties is sometimes, but not 
generally, used. By it all materials with wax-like character¬ 
istics are grouped together. This produces a heterogeneous 
class with fats such as bayberry wax and Japan wax, and 
hydrocarbons such as ozokerite, ceresin, montan wax and 
paraffin included. There is no simple form of classification. 
The usual terminology leads to confusion in calling products 
waxes which are not so in fact, and conversely in calling some 
true waxes by other names. The commercial waxes are rela¬ 
tively limited in number. 

Waxes may be sold in the crude state in which they arc 
found in nature, or they may be separated from solid and 
water-soluble impurities by melting up with boiling water and 
filtering. Crude wax is darker in color than the refined. Some 
waxes are bleached with oxidizing agents. The waxes arc 
more individual in their solubility than the oils and fats. They 
are miscible in all proportions with oils and fats. The melting 
point of a wax is often taken as a general indication of its 
character, as hardness is a direct function of melting point. 
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For convenience the properties have been grouped in a table 
at the end of this chapter. 

Carnauba wax occurs on the leaves of a species of palm 
which grows in Brazil. It is soluble in boiling alcohol, hot 
turpentine, or carbon tetrachloride. The crude wax is scraped 
from the dried leaves, melted in hot water and drawn off from 
the surface of the water. The crude product is greenish brown, 
but refinement with sulfuric acid gives a yellow wax. It is 
sometimes admixed with paraflfin, which modifies its properties. 
Carnauba wax contains the ester of myricyl alcohol and cerotic 
acid, as well as the free alcohol and free acid. Grades sold are 
numbers 1, 2 and 3 of yellow or refined, north country, and 
chalky. Of these the number 1 grade is best. North country 
is a crude grade. Chalky has the physical appearance implied 
by the name and contains some dirt. It is said to be the crude, 
melted in hot water to separate stones and some dirt. Prac¬ 
tically speaking, the important grades are No. 1 yellow. No. 2 
yellow, No. 2 north country, No. 3 chalky and No. 3 north 
country. Carnauba wax is used in floor wax, in polishes for 
shoes, furniture and automobiles, insulating compositions, 
leather finishes and phonograph records, as well as for mis¬ 
cellaneous purposes. It is the hardest and most expensive of 
the common waxes. 

Chinese wax, vegetable spermaceti, insect wax or Chinese 
tree wax is a yellow to white, crystalline solid somewhat re¬ 
sembling spermaceti but being harder and more friable. It has 
very little odor. It is soluble in benzene and slightly soluble 
in alcohol or ether. The wax is secreted by a scale insect 
common to China and India and is deposited on certain species 
of ash trees. The material is collected, melted and filtered to 
remove dirt. The wax consists essentially of ceryl cerotate and 
is used in making candles, as a paper size, and in various types 
of polishes. The supply is limited and erratic. 

Candelilla wax occurs as a coating on the Mexican shrub, 
candelilla, from which it is obtained by melting the wax with 
hot water and skimming it off as it rises to the surface of the 
liquid. Candelilla wax is soluble in turpentine, hot chloroform 
and carbon tetrachloride. It is classed as a hard wax. The 
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brown wax is refined to give a yellow product by treatment 
with sulfuric acid. It is used for the same purposes as carnauba 
wax and in general is somewhat less satisfactory and less 
expensive. 

Beeswax is secreted by the bee and used for the construction 
of honeycomb. It is soluble in ether, chloroform, benzene, 
carbon bisulfide, slightly soluble in cold alcohol but more 
soluble in boiling alcohol. It is melted with hot water, then 
strained and the residue pressed to give more wax. Beeswax 
contains myricyl palmitate, cerotic acid and some hydrocarbons. 
The natural wax is yellow in color and may be bleached by 
the action of sunlight or by treatment with oxidizing agents. 
Grades sold are pure bleached white beeswax in slabs, crude 
yellow wax from Africa, Brazil and Chile, and refined yellow 
wax in slabs. The bleached wax is used in ointments, cosmetic 
creams, candle making, molded wax products, etc. The yellow 
wax. is used in floor waxes, shoe polish, sizing compounds, 
lithographing, leather dressing and candles. 

Spermaceti is a crystalline wax obtained from sperm oil, 
found in the head of the sperm whale. It is solul)le in chloro¬ 
form, ether, carbon bisulfide or boiling alcohol, and slightly 
soluble in petroleum ether. It is filtered under pressure to 
separate stearin, and washed with hot water containing a little 
alkali, followed by plain water. The wax consists mainly of 
cetyl palmitate. It is pearly white and is sold in blocks and 
cakes for use in ointments, candles, etc. 

Sperm oil or sperm whale oil is a light yellow liquid ob¬ 
tained from the head and blubber cavities of the sperm whale. 
It is a true wax, although a liquid, and is soluble in chloro¬ 
form, ether and benzene. Grades arc bleached and natural, 
38T. and 45®F. cold test, or occasionally refined and crude. 
It is used as a high-grade lubricating oil for light machinery 
such as clocks, watches and scientific instruments, and is ex¬ 
tremely expensive. 

Ambergris is a waxy material which may be gray, yellow, 
white or black in color. It is a morbid concretion of the sperm 
whale, in whose alimentary canal it may occur. The material 
is also found as a floating mass in tropical oceans, but so rarely 
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that it is of great value. It is soluble in ether, chloroform 
and fats. Ambergris melts at about 60°C. and contains 80-90 
per cent of cholesterin along with fatty oils. It is medically 
an antispasniodic, aphrodisiac, stimulant and antihysteric. Its 
major use is in i)erfunies as a fixative. 


Physical Constants of Waxes 


Wax 

.Solidifying 

Point 

°C. 

Specific 
gravity 
at IS^* C. 

Saponifica¬ 

tion 

value 

Refractive 

Index 

Carnaiiba . 

. 80-87 

0.990- 

0.999 

79-95 

1.452-1.454 at 84° 

Chinese wax .. 

... m.p. 80-33 

about 

0.970 

80-93 


Candelilla . 

... m.p. 67-70 

0.950- 

0.990 

about 65 

about 1.455 at M.P. 

Beeswax . 

. 61-63 

• 

0.958- 

0.970 

90-102 

1.430-1.445 at 75“ 

Spermaceti .... 

. 42-47 

0.942- 

0.900 

123-135 


Sperm oil .... 


0.878- 

0.883 

123-147 

1.466-1.467 at 15.5° 








CHAPTER XXVII 


ETHERS 

Ethers are organic compounds in which two organic groups 
are joined together through an oxygen atom. The groups may 
be simple alkyl radicals as in diethyl ether, aryl radicals as in 
diphenyl ether, or one or both may be complex. Chemically 
the ethers have the structure of an oxide. They have nothing 
in common with inorganic oxides, which frequently react with 
water to form acids or bases. Ethers are very stable. They 
are useful because of their solvent properties for other organic 
materials but being unreactive, they are not commonly useful 
other than as solvents, in organic synthesis. Therefore the 
group of commercial products is limited. Some products are 
called ethers which do not have that structure and are not in 
this chapter, such as acetic ether which is ethyl acetate, a true 
ester. 

Ethyl ether, sulfuric ether, diethyl ether or diethyl oxide, 

(C 2 Hr))i» 0 , is a colorless liquid moderately soluble in water 
and miscible with alcohol. It is the most widely used member 
of the class and is commonly called ether. This ether is made 
by distilling alcohol with concentrated sulfuric acid. Alcohol 
has to be supplied continuously as the ether distils over. The 
distillate is purified by redistilling from lime and calcium 
chloride. The colorless liquid is highly volatile and inflam¬ 
mable. Alcohol and water are commonly present unless other¬ 
wise specified, U.S.P. ether containing 96-98 per cent of ether. 
Peroxides, which develop on exposure to air, must be absent 
in ether for anesthesia, which therefore commands a substantial 
premium. The peroxides are dangerously explosive in dis¬ 
tillation and should be absent by test with aqueous solutions of 
inorganic iodides. They do not form to a serious degree in 
the presence of much water and can be destroyed by addition 
of reducing agents such as sulfites. An 1880 U.S.P. grade is 
also quoted at a premium. Washed ether is free from alcohol 
but not from water. Concentrated ether is the anhydrous grade 
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free from alcohol and water but not free from peroxides. While 
all ether is synthetic, the commercial grade is quoted as syn¬ 
thetic ether. Aside from serving as an anesthetic it is used as a 
solvent in the manufacture of smokeless powder, for extraction 
of fats, oils, resins, gums and alkaloids, in the manufacture of 
rayon and pyroxylin, and as a solvent in many organic re¬ 
actions. 

Ethylene oxide, CH 2 OCH 2 , is a colorless, inflammable gas 

I_I 

at ordinary temperatures since it boils at 13.5° C. It has a 
pleasant odor and is miscible with water and soluble in most 
organic solvents. Manufacture is by the action of sodium 
hydroxide on ethylene chlorohydrin. Ethylene oxide is sold 
in pressure cylinders for use in organic synthesis and in fumi¬ 
gation. It is highly toxic to larvae but only slightly so to 
humans, and therefore is used for destroying infestation of 
packaged foodstuiTs, grain, etc. A mixture of 90 per cent of 
carbon dioxide and 10 per cent of ethylene oxide is sold for 
the purpose, is noninflammable, and the carbon dioxide in¬ 
creases the eflPectiveness of the ethylene oxide. Propylene 
oxide, CH3CHCH2O, is similar but liquid at room temperature 

I_I 

and somewhat less toxic to insects. 

Diethylene oxide or dioxan is the 1,4 compound, 
(CH 20 CH 2 ) 2 , prepared by powerful dehydration of ethylene 
glycol. The colorless liquid has a faint, pleasant odor and is 
similar in many properties to alcohol. It is miscible with water 
and most solvents. A constant-boiling mixture is formed with 
20 per cent of water. Uses are mainly as a solvent. 

Dichloroethyl ether, (CH2C1CH2)20, is a colorless, inflam¬ 
mable liquid of low volatility prepared by the chlorination of 
ethyl ether. It is very soluble in alcohol or ether and is used 
as a solvent, such as in paint and varnish removers, spotting 
compounds, wetting-out agents, for the improvement of the 
quality of lubricating oils by extraction, etc. 

Isopropyl ether, [ (CH3)2CH]20, is a colorless, inflammable 
solvent, slightly soluble in water and miscible with alcohol or 
ether. It is prepared from isopropyl alcohol by a method an- 
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alogous to that for ethyl ether, and is used as a solvent for 
vegetable, animal and mineral oils, resins and waxes. This 
ether is mixed with alcohols for special solvent purposes. It 
forms peroxides even more readily than ethyl ether. 

Butyric ether or butyl ether, (C4Ho)20, is a colorless liquid 
miscible with the majority of organic solvents. It is produced 
from butyl alcohol by methods similar to those used for ethyl 
ether and is used as a high-boiling solvent for gums, resins, 
oils, etc. 

Amyl ether, diamyl ether or amyl oxide, (C5Hii)20, is a 
colorless to light yellow liquid miscible with alcohol or ether. 
It is a mixture of normal and isoamyl ethers, is prepared by 
heating amyl alcohol with amyl chloride, and is used as a 
solvent. 

Ethylene glycol monomethyl ether, CH2OHCH0OCH3, 
ethylene glycol monoethyl ether, CH2OHCH2OC2H5, ethylene 
glycol monobutyl ether, CH20HCH20C4Ht), diethylene glycol 
monomethyl ether or methyl Carbitol, CH20HCH20CH2Cn2- 
OCH3, diethylene glycol monoethyl ether or Carbitol, 
CH2OHCH2OCH2CH2OC2H5, and diethylene glycol mono¬ 
butyl ether or butyl Carbitol, CH20HCH20CH2CH20C4H,>, 
are a series of solvents prepared synthetically. Carbitol is a 
registered trade name. They are colorless and very soluble in 
alcohol or ether, and are both ethers and alcohols in each case. 
They are used to dissolve organic compounds such as dyes, 
nitrocellulose, and cellulose acetate, and in printing textiles. 
Their uses are those requiring ethers of varying and relatively 
low volatility. Special uses are as adhesives for sealing coated 
cellophane, in cosmetics, in paint and varnish removers, in 
wetting agents, etc. 

Phenyl ether, diphenyl ether or diphenyl oxide, (CeHrOu^, 
is a white solid melting just above room temperature, and is 
soluble in alcohol or ether. It is formed by heating phenol 
with anhydrous zinc chloride or by the interaction of chloro¬ 
benzene and sodium phenate heated under pressure. The com¬ 
mercial supply is a by-product from the process of manufac¬ 
ture of phenol from chlorobenzene. It has an odor like that of 
geranium and is used in inexpensive perfume, for some syn- 
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thetic purposes, and as an ingredient of heat-transfer composi¬ 
tions. The latter use is strictly limited by its high price. 

Acetophenetidine, phenacetin, />flra-acetaminophenetol or 
/)-acetaminophenetol, C(jH 50 C 6 H 4 NH 0 CCH 3 , is prepared as a 
white crystalline product from />ara-phenetidine by treatment 
with glacial acetic acid, or by the reaction of ethyl bromide and 
/>ard7-acetaminophenol. It is a U.S.P. product melting at 134-5° C., 
moderately soluble in alcohol and slightly soluble in ether, and is 
used in medicine as an antipyretic. 

Methyl-/){im-cresol or methyl-/>-cresol, CH 3 C 6 H 4 OCH 3 , is a 
colorless liquid miscible with ethers and used with narcissus, 
lilac, hyacinth and similar odors. 

Anethol, /?(7m-allylphenylmethyl ether or /?-allylphenyl- 
methyl ether, C 3 H 5 CCH 4 OCH 3 , is obtained from anise and fen¬ 
nel oils and is purified by fractional distillation. The colorless 
crystals melt at about 21° C., so that the product is liquid at 
ordinary temperatures. It is soluble in alcohol and miscible 
with ether. Anethol has an odor of anise, and aside from use 
in organic synthesis, is a flavoring material, as in dentifrices, 
an odorant for soaps, and a reagent in color photography. 
Isoamylbenzyl ether, CnHuOCH^CoHj, is closely related and 
has a gardenia odor. 

Safrol, C 3 Hr,C(jH 30 :.CH 2 , is the methylene ether of allyl 
catechol, l-allyl-3,4-methylene dioxybenzene. It has a sassa¬ 
fras odor and is obtained from oil of sassafras, of which it 
constitutes about 80 per cent. Safrol is also present in a lesser 
amount in several other essential oils, such as camphor oil. 
The colorless to light yellow oily liquid is very soluble in al¬ 
cohol or ether, and is sometimes called oil of safrol. The uses 
are as an odorant in low-price perfumes or soaps, for denatur¬ 
ing soap fats, in organic synthesis, such as of piperonal, and in 
medicine, largely to replace oil of sassafras. 

Yara yara, /a-naphthylmethyl ether or yS-naphthylmethyl 
ether, CioHtOCH.s, is prepared by heating /)r^a-naphthol and 
methyl alcohol together in the presence of a dehydrating agent 
such as sulfuric acid. The white crystalline product has an 
orange blossom odor, and is slightly soluble in water or al¬ 
cohol and very soluble in etlier. It is used in inexpensive orange 
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or jasmine perfumes and in soaps, both as a odorant and as a 
fixative. It is stable to both acids and alkalies. Nerolin, beta- 
naphthylethyl ether or )S-naphthylethyl ether, C10H7OC2H5, is 
similar to the methyl ether, yara yara, in preparation, in proper¬ 
ties and uses. 

Ethyl isoeugenol, QsH5(CH30)C6H30C2H5, methyl eu- 
genol, C 3 H 5 (CH 30 )CtiH 30 CH 3 , and the isomeric methyl iso¬ 
eugenol are synthetic white, crystalline powders, prepared by 
dehydration methods, soluble in alcohol or ether, and used as 
sweetening agents and fixatives in odorants. Benzyl isoeu¬ 
genol, C3H5(CH30)CGH30CH2CoHr>, is a similar synthetic 
ether sold as a white powder of low density, soluble in alcohol 
or ether. It is a fixative and odorant for perfumes such as 
carnation, violet, rose, etc. 

Dimethyl hydroquinone, C6H4(OCH3)2, is the ether result¬ 
ing from reaction of hydroquinone with methyl iodide in the 
presence of caustic potash. It is a colorless, crystalline com¬ 
pound soluble in alcohol or ether and used as a fixative in 
odorants. 

Paraldehyde, (C 2 H 40 ) 3 , is a true cyclic ether but from its 
derivation by polymerization of acetaldehyde has been dis¬ 
cussed with that compound. 

Ethyl cellulose or cellulose ether is the ether formed by 
reaction of ethyl alcohol with cellulose in the presence of dehy¬ 
drating agents. Different compositions vary in solul)ility, some 
being alcohol-soluble, some soluble in cold water but not in 
hot, others soluble in either hot or cold water. Films of ethyl 
cellulose are noted for their flexibility at low temperatures. 
Uses are in fabric finishing such as for “crease proofing,’' as a 
semiplasticizer in plastics and protective coatings, etc. The 
ether would compete with cellulose esters such as the nitrate 
and acetate in many applications if the price were lower, as 
seems definitely possible over a period of years. 

Salicin, (H 0 ) 4 C 6 H 702 C 6 H 4 CH 20 H, is a white crystalline 
glucoside found in the bark and leaves of several species of 
poplar and willow trees. It is an ether of salicyl alcohol and 
glucose. Salicin is moderately soluble in cold water or alcohol. 
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It is used in medicine as a tonic, antipyretic and antirheumatic, 
having the general properties of salicylic acid. 

Saponin is a mixture of glucosides which may be repre¬ 
sented in general by the formula, CuH2n-80io. Saponin occurs 
in plants such as soapbark, soapwort, senega, etc., and may be 
obtained by extraction. The white to yellow or brown amor¬ 
phous product has an unpleasant odor and is easily soluble in 
water or hot alcohol. Some types are toxic, others not. Both 
crude and purified grades are availal)le. Saponin is used as a 
foam producer, in fire extinguishers, beverages, textile sizes, 
etc. It is also used as an expensive form of detergent. In 
beverages only 1 part in 100,000 is required to give a foam. 



CHAPTER XXVIII 


ORGANIC DYES 

With rare exceptions, the dyes in modern use are synthetic 
in origin. They are usuaily referred to as coal-tar dyes be¬ 
cause they are built up from such simple hydrocarbons as 
benzene, methyl derivatives of benzene, naphthalene and an¬ 
thracene, all of which can be obtained directly from coal tar 
by fractional distillation and subsequent purification. These 
relatively simple hydrocarbons are converted into intermediate 
products such as aniline, naphthols, benzaldehyde, benzidine, 
anthraquinone, phthallic anhydride, nitroanilines, etc. These 
in turn are changed into the more complex dyestuffs by chem¬ 
ical addition of other groups, or by combining some of the 
intermediate compounds themselves. It may be seen that an 
almost limitless number of compounds can be synthesized in 
this fashion. 

Chemical classification of dyes is by the chromophore or 
color-producing group present in the compound. The azo dyes 
contain the grouping R-N :N-R, other types other character¬ 
istic groups. 

Acid dyes are usually sodium salts of a color agent which 
is structur-ally an acid. They are usually applied in an acid 
medium. Acid dyes are the most important group used for 
wool dyeing, and are applied to hosiery, carpet yarns, suitings, 
dress goods and hat materials, and to silk to a lesser extent. 
They have little affinity for vegetable fibers except jute, and in 
general they arc used on goods not reciuiring repeated wash¬ 
ing. Members of this class are superior to direct and mordant 
dyes but inferior to basic dyes in purity of shade. Acid dyes 
are available in a wide color range and are usually fairly fast 
to light and acids but have a tendency to bleed on washing. 
They bleed less from wool than from silk. Many are among 
the lowest-price dyes, simply and inexpensively applied. The 
class shades into mordant dyes, as some are “afterchromed’' 
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to produce fastness. Generally speaking, they are nitro or 
azo compounds, or sulfonated basic dyes of the triphenyl- 
methane type. 

Basic dyes are historically the oldest class, including mau- 
vine or Perkin violet, discovered in 1856, the first synthetic 
dyestuff produced commercially. They arc the best dyes for 
brilliancy of shade and purity of tone. While they have high 
tinctorial power they arc not very fast to light or washing. 
Basic dyes are used for dyeing and printing cotton, giving 
bright colors of low fastness. Other uses are in dyeing pa*per 
and jute, and in lithographic inks, typewriter ribbons, copy 
paper, pencils, etc. A few are used on wool. When applied 
on vegetable fibers they are mordanted with tannic acid. Their 
importance has lessened with the increased use of direct and 
sulfur dyes, which arc often more fast and more economical. 
They may be triphenylmethane derivatives, azines, azos, thio- 
azincs, thioazols or acridines. 

Direct cotton dyes or substantive dyes attach themselves to 
vegetable fibers in a neutral or alkaline bath to give full shades 
without the use of mordants. They are also used on cotton¬ 
wool or cotton-silk mixtures and linen, silk, paper and wool, 
particularly low-grade wool. Direct dyes vary widely in fast¬ 
ness and have a tendency to run in washing. Many are sensi¬ 
tive to acids and sunlight; others are fast to these agents. Some 
are coupled with intermediates or aftertreated with metallic 
salts or formaldehyde. They are largely either thiazoles or 
azo compounds derived from benzidine, toluidine, diamino 
stilbene or similar groupings. 

Mordant dyes are used with mordants such as aluminum, 
chromium, iron or tin. They arc often called chrome dyes, 
which are, strictly speaking, one class of mordant dyes. On 
wool they give fastness to light, washing, etc. They are im¬ 
portant in cotton printing. Since many are derived from 
alizarin they have been called alizarin dyes. Some alizarin 
dyes are acid dyes and can be used without mordant. The 
application of the mordant may precede, accompany or follow 
application of the dyestuff. The labor cost is high in their 
application. They are largely of the anthracene, azo. oxazine. 
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triphenylmethane, nitroso, oxyquinone or xanthone types. The 
most important is alizarin, a Turkey red for cotton, formerly 
produced from madder root but for many decades now from 
anthracene. 

Sulfur dyes largely produce heavy deep shades such as blue, 
green, brown and black. They are used mainly on cotton or 
cotton warps to be woven with wool. Sulfur dyes are also 
applied to linen and artificial silk. They are very fast to wash¬ 
ing and to acids and alkalies, which recommends them for 
cross-dyeing. These dyes are usually fast to light but rarely 
to chlorine in laundering. They are applied in sodium sulfide 
solution and often after-treated to improve their fastness. As 
produced by fusion of intermediates with sulfur they are not 
distinct compounds and have relatively low color value. 

Vat dyes are important on cottons because laundry fast. 
They are applied as solid colors or prints, their use for solid 
colors being limited by their high price. They are very fast 
to light, washing, acids, alkalies and usually to chlorine. No 
other class is as fast to chlorine. The usual types are deriva¬ 
tives of indigo, anthraquinone or carbazole. 

Natural dyestuffs are a fast declining class. They may 
require special methods of application. Some, such as indigo 
or alizarin, have been replaced by synthetic duplicates, others, 
such as bixin and curcumin, by other dyes of similar color. 

Color lake dyes are used in preparation of the class of pig¬ 
ments known as color lakes. These consist of the color agent 
and a carrier. Requirements are high tinctorial power, bright¬ 
ness and fastness to light, alkali, acids and exposure. The car¬ 
riers are usually aluminum hydroxide, zinc oxide, lithopone, 
barytes, whiting, china clay or ocher. Precipitating agents are 
barium chloride, lead salts, aluminum hydroxide, tannin and 
tartar emetic. The dyes used include acid, basic and mordant 
types. Some azo dyes are produced on the carrier, others are 
precipitated as an insoluble salt of a metal. Such lakes are 
ground and used in paints, inks, artists’ colors, wallpaper, rub¬ 
ber, etc. The dyestuff itself sold for use as a pigment, is known 
as an organic toner. 
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Acetate rayon takes very few of the above dyes, so that 
special acetate-rayon dyes were developed for the purpose. To 
these belong the ionamines, in which insoluble compounds have 
been made soluble by the introduction of a methylated sulfonic 
group which splits olf during the dyeing. In other cases in¬ 
soluble dyes have been prepared and used in colloidal sus¬ 
pension with the aid of sulfonated castor oil. These dyes are 
are not taken up by cotton, linen or viscose rayon. The latter 
can be dyed with direct cotton dyes. 

Certified food colors are dyes of a quality established ex¬ 
perimentally as nontoxic in substantially larger quantities 
than would ever be used commercially. They are fundamen¬ 
tally the same classes of dyes as previously discussed, specially 
purified to insure relative freedom from arsenic, lead and other 
heavy metals, and checked as to analysis by the Department of 
Agriculture. Each can of dye bears a lot number assigned 
when the official analysis is made. Those listed in the table 
are the straight colors. Blends are often sold under trade 
names, thus saving the manufacturers from the necessary labor 
of accurate weighing and mixing to get a reliable, duplicable 
lone or shade. 

The relative amounts of dyes used in commercial processes 
will vary radicallv. For dyeing of fabric, the amount required 
may vary from a fraction of a per cent for a light shade to as 
much as 10 per cent for a dark shade. In other applications 
the quantity needed will depend very largely on the transpar¬ 
ency of the medium. A very small amount will lend substantial 
color to a transparent material, a large amount will be required 
for a highly opaque material. 

A systematic and purely arbitrary classification of dyes by 
chemical constitution was first developed by Schultz and Julius 
in 1888 and revised from time to time by Schultz. The present 
.system used here is that of the ‘'Colour Index” of F. W. Rowe, 
as published by the Society of Dyers and Colourists, of Brad¬ 
ford, England. This is based on the German system, revised 
and enlarged to a set of 26 groups as follows: 
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Chemical Class Color Index No. 


1 . 

Xitroso 

1-6 

2 . 

Nitro 

7-14 

3. 

Mono-azo 

15-229 

4. 

Dis-azo 

230-530 

5. 

Tris-azo 

531-605 

6 . 

Tetrazo 

606-619 

7. 

Stilbene 

620-635 

8 . 

Pyrazolone 

636-654 

9. 

Ketonimine 

655-656 

10 . 

T ripheny Imethane 



and Diphenvlmethane 

657-738 

11 . 

Xanthene 

739-784 

12 . 

Acridine 

785-799 

13. 

Quinoline 

800-811 

14. 

Thiazole 

812-817 

15. 

Indainine 

818-820 

16. 

Indophenol 

821-823 

17. 

Azine 

824-869 

18. 

Aniline black and allied dyes 

870-875 

19. 

Oxazine 

876-919 

20 . 

Thiazine 

920-932 

21 . 

Sulfide 

933-1012 

22 . 

Hydroxyketone, hydroxyquinone 


a n d h >' d r o x 1 a c t o n e 

1013-1026 

23. 

Anthraquinone (acid and more 

lant >1027-1093 

24. 

Anthraquinone (vat) 

1094-1175 

25. 

y\rylido quinone (vat) 

1176 

26. 

Indigoid 

1177-12.30 


While these data are sufficient for identification of the type of 
structure of any dyestulT in the tabulation, the type has been 
given as a matter of convenience. 

Synthetic dyestuffs are sold by trade names, which may 
or may not indicate the color. Sometimes the name is followed 
by one or more letters. These may indicate the color, as R 
for red, B for blue, G for yellow from the German word gelb; 
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and also the intensity of color, 2R being a deeper red than R; 
or the letters may be used as a manufacturer’s designation and 
be without general significance. 

In the table which follows are given data on somewhat 
over 125 such dyes, numerically about 10 per cent of those in 
the color index. These are dyes in sufficiently general use to 
be quoted. Any one dye may have more than a dozen names 
so that this list is more comprehensive than may appear from 
the number of dyestuffs listed. It includes the major tonnage 
of dyestuffs. The color-index number is usually sufficient for 
identification, but in some cases more than one name in gen¬ 
eral use has been included for simplicity in identification. In 
such cases the first name is that more positive in identification, 
and the one in parentheses a more general trade name. 

Following the table are a few natural dyestuffs, or special 
synthetic dyes of such importance as to indicate the desir¬ 
ability of individual treatment. 


Common Dyesti’ffs Readily Available 


Color 

General 

Chemical 


Index 

Name 

Structure 

Type and Comment 

5 

Naphthol green R . 

. Kitroso 

Acid 

10 

Naplitliol yellow S . 

. Nitro 

Acid 

15 

Ainidoazobenzene yellow . 

,. Mono-azo 

Oil 

17 

Amidoazotoluene yellow . 

.. Mono-azo 

Oil- and spirit-soluble 

20 

Chrysoidin G base . 

.. Mono-azo 

Spirit-soluble 

20 

Cbrysoidin G. 

.. Mono-azo 

Basic Orange 

21 

CbrN soidin R base . 

, . Mono-azo 

Spirit-soluble 

21 

Chrysoidin R . 

.. Mono-azo 

Basic Orange 

22 

Yellow AB . 

.. Mono-azo 

Oil Certified food 
color 

24 

Sudan 1 . 

.. Mono-azo 

Oil Orange 

27 

Orange G ... 

.. Mono-azo 

Acid 

31 

Aniidonaphtliul red (i. 

.. Mono-azo 

Acid 

36 

Alizarin yellow 2 G. 

(Chrome yellow 2 G) 

.. Mono-azo 

Acid and Mordant 

40 

Alizarin yellow R . 

(Chrome yellow R) 

.. Mono-azo 

Acid and Mordant 

53 

Victoria violet . 

.. Mono-azo 

Acid 

57 

Amidonaphthol red 6B . 

.. Mono-azo 

Acid 

61 

Oil yellow OB (yellow OB). 

.. Mono-azo 

Oil Certified food 
color 

73 

Sudan II . 

.. Mono-azo 

Oil Scarlet 

79 

Ponceau R. 

.. Mono-azo 

Acid Scarlet 

80 

Ponceau 3R. 

.. Mono-azo 

Acid Certified food 
color 
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Common Dyestuffs Readily Available— Continued 


Color 

General 

Chemical 


Index 

Name 

Structure 

Type and Comment 

88 

Fast red B. 

. Mono-azo 

Acid 

138 

Metanil yellow . 

. Mono-azo 

Acid 

150 

Orange I . 

. Mono-azo 

Acid Certified food 
color 

151 

Orange II (Orange V) . 

. Mono-azo 

Acid 

161 

Orange R. 

. Mono-azo 

Acid 

165 

Lake red C . 

. Mono-azo 

Lake 

176 

Fast red A . 

. Mono-azo 

Acid 

179 

Azorubin . 

..Mono-azo 

Acid and mordant 
Blue 

180 

Diamond blue 3 B. 

(Fast red VR) 

. Mono-azo 

Acid and mordant 
Blue with red cast 

183 

Crocein scarlet 3BX. 

. Mono-azo 

Acid 

184 

Amaranth . 

. Mono-azo 

Acid Red 

Certified food coloi 

185 

Cochineal red A . 

. Mono-azo 

Acid 

189 

Lithol red R, paste or powder. 
(Lake red R) 

. Mono-azo 

Lake 

202 

Erichrome blue black U. 

(Chrome blue black U) 

. Mono-azo 

Acid and mordant 

204 

Erichrome black A . 

(Chrome black A) 

. Mono-azo 

Acid and mordant 

208 

Sulphur acid blue R. 

^Fast red blue R) 

. Mono-azo 

Acid 

216 

Acid alizarin red B. 

(Chrome red B) 

. Mono-azo 

Acid and mordant 

234 

Resorcin brown Y . 

. Dis-azo 

Acid 

235 

Resorcin dark brown R. 

. Dis-azo 

Acid 

246 

Naphthol blue black S. 

. Dis-azo 

Acid 

252 

Brilliant crocein M. 

. Dis-azo 

Acid Scarlet 

258 

Sudan IV. 

. Dis-azo 

Oil Scarlet 

262 

Cloth red 2B . 

. Dis-azo 

Acid and mordant 

289 

Sulphon cyanin 5R Ex. 

(Fast cyanin 5R) 

. Dis-azo 

Acid Navy blue 

299 

Diamond black F. 

(Chrome black F) 

. Dis-azo 

Acid and mordant 

307 

Sulphon cyanin black B. 

(Fast cyanin black B) 

. Dis-azo 

Acid 

326 

Benzo fast scarlet . 

(Direct fast scarlet) 

,. Dis-azo 

Direct 

331 

Bismarck brown G . 

. Dis-azo 

Basic 

332 

Bismarck brown R. 

,. Dis-azo 

Basic and spirit- 
soluble 

364 

Brilliant yellow . 

(Paper yellow) 

.. Dis-azo 

Direct General 

365 

Chrysophenin G. 

.. Dis-azo 

Direct Yellow 

382 

Diamine scarlet B . 

(Direct scarlet B) 

.. Dis-azo 

Direct 

387 

Trisulfon violet B. 

(Direct violet B) 

. Dis-azo 

Direct 
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Common Dyestuffs Readily Available— Continued 


Color 

General 

Chemical 


Index 

Name 

Structure 

Type and Comment 

394 

Diamine violet N. 

(Direct violet N) 

.. Dis-azo 

Direct 

401 

Diamine black BH . 

(Developed black BHN) 

.. Dis-azo 

Direct and developed 

406 

Benzo blue BB . 

(Direct blue 2B) 

.. Dis-azo 

Direct 

415 

Benzo orange R . 

(Direct orange R) 

.. Dis-az(; 

Direct 

419 

Diamin fast red . 

(Direct fast red F) 

.. Dis-azo 

Direct 

420 

Diamin brown M . 

.. Dis-azo 

Direct 

448 

Benzopurpurin 4B . 

.. Dis-azo 

Direct Red 

495 

Benzopurpurin lOB . 

.. Dis-azo 

Direct Red 

502 

Benzo azurin G. 

(Direct azurin G) 

.. Dis-a/o 

Direct Blue 

512 

Benzo blue RW . 

(Direct blue RW) 

.. Dis-azo 

Direct 

518 

Diamin sky blue FF . 

(Direct pure blue 6B) 

.. Dis-azo 

Direct 

520 

Benzo sky blue. 

(Direct pure blue) 

.. Dis-azo 

Direct 

539 

Columbia black FF ex. 

(Direct flat black FI') 

.. Tris-azo 

Direct 

581 

Direct deep black EW ex ... 
(Direct black EW) 

.. Tris-azo 

Direct 

582 

Direct deep black RW ex ... 
(Direct black RX) 

.. Tris-azo 

Direct 

593 

Diamine green B . 

(Direct green B) 

.. Tris-azo 

Direct 

594 

Diamine green G. 

(Direct green G) 

.. Tris-azo 

Direct 

596 

Benzamine brown 3G() . 

(Direct brown 3CiO) 

. . Tris-azo 

Direct 

620 

Sun yellow. 

(Direct yellow R) 

.. St il bene 

Direct 

636 

Fast light yellow . 

.. Pyrazolone 

Acid 

639 

Xylene light yellow. 

.. Pyrazolone 

Acid 

640 

Tartrazine . 

.. Pyrazolone 

Acid Yellow Certified 
food color 

655 

Auramine base . 

.. Ketonimine 

Spirit-soluble Yellow 

655 

Aurainine. 

.. Ketonimine 

Basic or mordant 
Yellow 

657 

Malachite green base . 

.. Triphenyl- 
methane 

Spirit-soluble 

657 

Malachite green . 

.. Triphenyl- 
methane 

Basic 

662 

Brilliant green . 

. . Triphenyl- 
inethane 

Basic 

666 

Guinea green B. 

.. Triphenyl- 
methane 

Acid Certified food 
color 
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Common Dyestuffs Readily Available— Continued 


Color 

General 

Chemical 


Index 

Name 

Structure 

Type and Comment 

670 

Light green, SF yellowish. 

Triphenyl- 

methane 

Acid Certified food 
color 

671 

Brilliant blue. 

, Triphenyl- 
methane 

Basic Certified food 
color 

677 

Fuchsine base . 

(Magenta base) 

.Triphenyl- 

methane 

Spirit-soluble Red 

677 

Fuchsine. 

. Triphenyl- 
methane 

Basic Red 

680 

Methvl violet base . 

. Triphenyl- 
methane 

Spirit-soluble 

680 

Methyl violet B .. 

. Triphenyl- 
methane 

Basic 

680 

Oil violet . 

. Triphenyl- 
methane 

Oil 

681 

Crystal violet base. 

. Triphenyl- 
methane 

Spirit-soluble 

681 

Crystal violet . 

. Triphenyl- 
methane 

Basic 

695 

Acid violet 4BN. 

. Triphenyl- 
methane 

Acid 

698 

Formyl violet S4B. 

(Acid violet) 

. Triphenyl- 
methane 

Acid 

714 

Patent blue A. 

. Triphenyl- 
niethane 

Acid 

729 

Victoria blue B base. 

. Triphenyl- 
methane 

Spirit-soluble 

729 

Victoria blue B . 

. Triphenyl- 
methane 

Acid 

737 

Wool green S. 

. Triphenyl- 
methane 

Acid 

749 

Rhodamine B . 

. Xanthine 

Acid Red 

752 

Rhodamine 6G . 

. Xanthine 

Acid Red 

768 

Eosine G . 

. Xanthine 

Acid Red 

773 

Erythrosine . 

. Xanthine 

Acid Red Certified 
food color 

793 

Phosphine . 

. Acridine 

Basic Yellow 

800 

Quinoline yellow spirit-soluble 
(Chinoline yellow SS) 

..Quinoline 

Spirit- soluble 

812 

Primuline . 

..Thiazole 

Direct and developed 
Yellow 

Direct 

814 

Chloramine yellow . 

(Direct fast yellow) 

. Thiazole 

841 

Safranine . 

. Azine 

Basic Red 

860 

Induline, spirit-soluble . 

. Azine 

Spirit-soluble Blue- 
violet 

861 

Induline . 

..Azine 

Acid Blue-violet 

864 

Nigrosine, spirit-soluble. 

. Azine 

Spirit-soluble Black 

865 

Nigrosine . 

..Azine 

Acid Black 

865 

Nigrosine derivatives . 

. Azine 

Oil-soluble Black 

873 

Methylene gray . 

. Aniline black 

Basic 
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Common Dyestuffs Readily Available —Continued 


Color General Chemical 

Index Name Structure Type and Comment 

909 New blue R.Oxazine Basic 

922 Methylene blue.Thiazine Basic 

For U.S.P. grade see page 338. 

924 Methylene green B .Thiazine Acid 

1054 Alizarin saphirol B .Anthraciuinone Acid Blue 

1075 Alizarin astrol B .Anthraquinone Spirit-soluble Blue 

GA.lizarin astrol base) 

1078 Alizarin cyanin green base_Anthraquinone Oil-soluble 

1078 Alizarin cyanin green base ....Anthraquinone Acid and mordant 

1080 Anthraquinone violet base.Anthraquinone Oil-soluble 

1177 Indigo.Indigoid Vat Blue 

For natural indigo see page 338. 

1180 Indigotin IA or sodium indigo. .Indigoid Acid Blue Certified 

food color 

Benzo fast black L .Direct 

Zambesi black.Direct and developed 

Oil-soluble orange, red shade.Oil 

Oil-soluble brown .Oil 

Oil-soluble green.Oil 

Sulfur tan .Sulfur Direct 

Sulfur brown .Sulfur Direct 

Sulfur yellow .Sulfur Direct 

Sulfur black .Sulfur Direct 

Sulfur blue .Sulfur Direct 

Sulfur maroon.Sulfur Direct 

Sulfur olive.Sulfur Direct 

Fast green FCF.Certified food color 

Sunset vellow FCF .Certified food color 


Cochineal consists of the dried bodies of female cochineal 
insects of Coccus ca-cti, which thrive on various species of cactus 
grown in tropical countries for this purpose. According to 
U.S.P. standards the bodies of the insects enclose the young 
larvae. This dry powdered material serves as a red dye and 
contains about 10 per cent of a complex organic acid, car- 
minic acid, as the active principle. When the insects are killed 
with dry heat, a gray powder is retained on the bodies. Grades 
sold are gray and Tenereffe silver. U.S.P. grades are whole 
and ground. The color is soluble in water or alcohol. The dye 
is used for coloring foods, toilet preparations, ink, textiles and 
for the manufacture of lakes. It is rarely used medicinally 
Annatto is a salmon-colored dye obtained from the pulp of 
the seeds of Dixa orcllam, a tree grown in the West Indies and 
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South America. This natural vegetable dye contains the color¬ 
ing principles bixin and orellin. It is soluble in alcohol, ether 
and oils. Annatto paste is used mostly as a food dye, as for 
coloring butter, cheese and oils. It can also be used for dyeing 
silk and in wood stains. The seeds are also available. 

Indigo is a blue dye obtained from the glucoside indican 
which occurs naturally in plants of the genus Indigofera. The 
natural product contains, in addition to 20-90 per cent of indigo 
blue, considerable amounts of indigo brown, indigo red and 
other coloring principles. Synthetic indigo consists of indigo 
blue or indigotin in practically pure form. Indigo is the most 
important vat dye. The fabric to be dyed with it is immersed 
in the colorless, reduced or leuco form of the dye in alkaline 
solution and then exposed to air, when the insoluble blue dye 
is formed by atmospheric oxidation. Natural Madras indigo 
is sold as an expensive product, not competitive in price with 
the synthetic grade. The synthetic product is quoted as a 
powder and liquid. It is used for printing and dyeing textiles, 
in ink, and for the production of indigo derivatives. 

Methylene blue or methylthionine chloride is an important 
blue dye of the thiazine class. The U.S.P. grade is 
Ci6Hi8 N3SC1,3 HoO, and must contain 98.5 per cent of the an¬ 
hydrous dyestuff when dried to constant weight. The tech¬ 
nical product, not to be confused with the U.S.P. color, is 
(CioHi8N3SCl)2,ZnCl2,H20. It appears as dark green crystals 
with a bronze luster soluble in water, alcohol and chloroform. 
The U.S.P. grade has varied medicinal uses. 

Sugar coloring or caramel is a dark-colored semisolid mass. 
It can be prepared by the careful heating of sucrose, glucose 
or molasses, usually to about 170-180° C. in the presence of a 
dilute alkali such as ammonium hydroxide. Commercially it is 
usually made from glucose. It is used as a brown coloring 
agent for foods, liquors and beverages. Varied types are avail¬ 
able such as alcohol-stable, acid-stable, etc. 

Walnut-brown crystals consist of finely ground peat or de¬ 
cayed vegetable matter. The product owes its name to color, 
not origin. It is imported from Germany. This water-soluble 
material is used as a stain for wood and in coloring ordinary 
wrapping paper. 



CHAPTER XXIX 


TONERS, LAKES AND REDUCED COLORS 

Those familiar with the pigment industry are accustomed 
to divide color materials into three general classifications : (1) 
Toners are pure color agents containing no inert matter. They 
may be either organic or inorganic. (2) Lakes contain an 
active color agent plus inactive material. They are made by 
precipitating the color agent on an inert base such as barium 
sulfate or aluminum hydroxide, each of which is an insoluble 
white material. By this method of preparation the individual 
particles of inert material are coated with the color agent, so 
that examination under the microscope would show an appar¬ 
ently homogeneous product. (3) Reduced colors arc similar 
in composition to lakes but are prepared differently. They 
are a dry blend of toner with inert material made by mixing 
the two ingredients in the dry state. They show their hetero¬ 
geneity when examined under the microscope. Reduced colors 
get their name from the fact that the concentration of color 
agent has been reduced by the addition of an inert substance. 

It will be seen from the above that toners are used alone 
and in the preparation of lakes and reduced colors. The names 
under which these materials are sold are innumerable. As 
with dyes, the same material may be sold under a dozen differ¬ 
ent names by as many different companies. Also names are 
used which may stand for a particular product in one com¬ 
pany, but which may represent a general classification in an¬ 
other company covering thirty or more different products, 
each differing from the other in the final color effect. For 
example, one firm might quote a price on Rose Lake, which 
would be a particular product which they chose to sell under 
that name. To another company such a designation might 
have no meaning at all, as they might offer a whole line of 
products that could be described as rose lakes. 
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While a dye is a soluble compound, and is applied dissolved 
in a suitable solvent to fabric or other material, a pigment is 
insoluble, and imparts color to objects by application in the 
form of finely divided particles suspended in a suitable liquid 
vehicle. 

Dispersed color, formerly called flush color, is a classifica¬ 
tion covering many products. It refers to the state in which 
the color agent is sold, rather than to the individual color. 
Dispersed color is never dried and ground but appears on the 
market in the form of a heavy paste, or pulp color. The water 
in the pulp may be replaced by a number of vehicles such as 
alkyd resins, linseed oil, lithovarnish, ester gum, castor oil, etc. 
The method of manufacture preserves the original small par¬ 
ticle size of the color agent. This gives it greater brilliance, 
greater color strength, and in some cases improved light fast¬ 
ness. Dispersed colors are used in paints, lacquers and print¬ 
ing inks. This classification applies to many colors covered 
in previous chapters. 

Phosphotungstic pigments are lakes and toners produced 
by precipitation of the dyestuff from aqueous phosphate and 
tungstate solution by addition of mineral acid. The possible 
formulas are too diverse to quote here. Their properties are 
great brilliance and permanence. In some cases part of the 
tungstate is replaced by molybdate. These pigments are of 
relatively fecent development. 

Iron-base lakes consist of dyestuffs precipitated on iron 
oxide. Because the base as well as the dyestuff is part of the 
color, in many cases these are discussed under iron oxides 
rather than in this chapter. An example is that of Tuscan red. 

Alizarin-red lake is made from alizarin, which was formerly 
obtained from a glucoside occurring naturally in madder root. 
It is now made from anthracene by oxidation to anthraquinone, 
sulfonation of the latter, and fusion with sodium hydroxide to 
give 1,2-dihydroxyanthraquinone. The soluble sodium salt of 
alizarin or the dye, in the form of orange-red crystals, is then 
reacted with a solution of an aluminum or tin salt, which gives 
the insoluble alizarin red lake. Other metals give other colored 
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lakes. Alizarin-red lake is used as a pigment in paints, artists’ 
colors, and inks. 

Eosin red is prepared from brominated fluorescein. It is a 
brownish red powder, the disodium salt of tetrabromofluores- 
cein. The dye is easily soluble in water, somewhat soluble in 
alcohol. Dilute aqueous solutions show a yellow-red fluor¬ 
escence, alcoholic a yellow-green. The dye is used for coloring 
ink, fabric, straw, paper, and cosmetics, as a stain in micro¬ 
scopy, and for the preparation of pink lakes. These are quoted 
as blue-shade toner and yellow-shade toner. 

Para toner is a general name covering a number of insoluble 
red color agents. These are based on a combination of /^-nitro- 
aniline and /^^-naphthol. The latter may be replaced in part by 
mono acid F, 2-naphthol-7-sulfonic acid. The different shades 
of red are obtained by varying the conditions under which the 
color is struck, such as the temperature and pH of the medium. 
Para toners are used as pigments in the paint trade, to some 
extent in the printing industry, and in making para lakes. 

Toluidin toner is a red organic color agent produced by the 
combination of 7;z-nitro-/?-toluidin and ^-naphthol. It is used 
in paints, lacquers and printing inks. 

Scarlet-ink lake is a red lake made by precipitating the dye 
Scarlet 2 RR on an inert base such as aluminum hydroxide or 
barium sulfate. The dye itself is formed by the combination 
of xylidine and the disodium salt of l-naphthol-3,6-disulfonic 
acid. The lake is used in inks and is ground directly into the 
ink from the pulp. It is marketed in this form, as the color 
agent cannot be dried without losing practically all of its 
strength. Scarlet-ink toner is the lead salt of the dye, Scarlet 
2 RR and is used in inks. 

Lake-red C toner is the derivative formed by combining 
/’-chloro-7;i.-toluidin-o-sulfonic acid and ^-naphthol. It is used 
in printing inks and to a small extent in lacquers. 

Lithol toner is a red pigment made from Tobias acid, 2- 
naphthylamine-l-sulfonic acid, and ^-naphthol. It is used 
principally in printing inks and to a lesser extent in the paint 
trade. 
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Lithol-rubin toner is a red pigment consisting of the cal¬ 
cium and strontium salts of j3-hydroxynaphthoic acid. It is 
used in printing inks and in paints. 

Phosphotungstic rhodamine-Y red is a red pigment consist¬ 
ing of the tungsten derivative of a synthetic dye of the xanthene 
class. Phosphotungstic acid is used as the source of tungsten. 
The pigment is very expensive and is used in printing inks. 

American vermilion is a red pigment prepared from basic 
lead chromate, chrome red, barium or lead sulfate and alumi¬ 
num hydroxide, with the addition of a para toner or a red dye 
such as eosin, to increase saturation. It is used in paints. 

Maroon red lake is usually that of amaranth, often quoted 
at 25 per cent strength. 

Carmine red or carmine is a lake produced from cochineal. 
It is the precipitate of the aluminum salt of carminic acid ob¬ 
tained by treatment of the cochineal with water to extract the 
acid, and subsequent precipitation with aluminum salts. It 
is insoluble in water and used as an expensive pigment. 

Red rose lake is a lake pigment prepared by the combina¬ 
tion of diazotized 2-naphthylamine-4-sulfonic acid and an al¬ 
kaline solution of ^-naphthol-3,6-disulfonic acid. The dye is 
precipitated on a barium sulfate base. It is used in printing 
inks. Pink rose lake is a more dilute form of rose lake. 

Orange lake is a term for several oranges, such as para 
orange. These are closely related to the para reds. Persian 
orange lake is an organic orange pigment prepared from 2,4-di- 
nitroaniline and )3-naphthol. It is used in paints and printing 
inks. 

Orange toners are a general class of dyestuffs. They are 
usually diazo compounds that contain no sulfonic or carboxylic 
groups but which are coupled with diacetoacetic acid arylides. 
They are used in printing inks. 

Dutch yellow or Dutch pink is a yellow lake prepared by 
absorbing the yellow dye of oak bark, quercitron, on an inert 
material such as Paris white, calcium carbonate, or a similar 
base. It is used as an artists’ pigment, as a pulp color for wall 
paper, and to tone Brunswick Green. 
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Tungsten lakes are derivatives of some of the brilliant but 
fugitive basic dyes, formed to make the latter permanent as 
well as brilliant. The tungsten products are more costly but 
will stand considerable reduction. The more important of the 
basic dyestuffs which lend themselves to this method of treat¬ 
ment are brilliant green, malachite green, Victoria green, 
methyl violet, Victoria blue, rhodamine 6G, rhodamine B, seto- 
glaucine or its equivalent, and magenta. Examples of the com¬ 
mercial products are tungstated brilliant green, tungstated em¬ 
erald green, tungstated peacock blue, and tungstated Victoria 
blue. Peacock blue is a pigment derived from the acid dye¬ 
stuff erioglaucine, which is a complex sulfonated derivative of 
triphenylmethane. The dyestuffs are generally the water- 
soluble hydrochlorides of the dye bases. These are dissolved 
and usually diluted to about 1 per cent, then precipitated by 
adding the required amount of the complex acid salt of tung¬ 
sten. The manufacturer usually purchases sodium tungstate 
and makes up a solution by dissolving in water, along with 
some disodium phosphate, then acidifying the solution with a 
definite amount of hydrochloric acid. The treated dye is pre¬ 
cipitated and further processed as usual. The tungstated dyes 
are used in printing inks. 

Alkali blue toner belongs in the triphenylmethane class. 
It is a sulfonate of sodium triphenyl-/)-rosaniline. The extent 
of sulfonation is variable and is the means by which the shade 
of blue is controlled. The pigment is used in printing inks. 

Victoria blue ink toner is the tungsten derivative of Victoria 
blue, a triphenylmethane dye, dispersed in lithovarnish. It is 
used in printing inks. 

Methyl violet toner and permanent methyl violet are tan- 
nated methyl violet dyes ground in lithovarnish and used as 
base inks. 

Purple lakes are produced by combining compounds such 
as 2-diazo-naphthalene-l-sulfonic acid, and )9-hydroxy- 
naphthoic acid. Numerous combinations are possible, and 
cover such general names as maroon lakes and purple lake red. 
Purple lake toner refers to this type of dyestuff. The lakes 
are used in printing inks. A particular example is known as 
purple lake 3B. 



CHAPTER XXX 


NATURAL PLANT PRODUCTS 

Natural plant products are produced in the vegetable kingdom 
as a physical part of plant life. They are always complex materials 
and therefore defy simple chemical classification. Parts or the 
whole of vegetable organisms such as herbs, roots, barks, flowers, 
fruits, seeds, leaves, etc., in great number have been utilized in 
industry. Many of them are used in medicine for their physiological 
effect. The subject is necessarily interpreted broadly to include 
fungus growths and even one insect, used medically. The products 
listed are as found in nature, subjected merely to the simple proc¬ 
esses of cleaning and drying, separating from contaminating ma¬ 
terials, possibly powdering, and in some cases bleaching. Because 
of the large number of such items and their relatively minor impor¬ 
tance they are each discussed only briefly. When physiological 
properties are referred to, see Appendix B for interpretation of 
the medical terms used. If not U.S.P., those having medical 
properties are usually N.F. products, occasionally B.P.C. or French 
codex. Where in U.S.P.XI they are referred to as U.S.P., but 
if in U.S.P.X but not in U.S.P.XI the edition is stated. In general 
each type such as roots, leaves, etc., have been grouped together. 
Such classification is necessarily not complete, since frequently two 
forms of the same plant or tree are sold. The classification which 
predominates of medicinals, includes most of the commercial spices 
and many sources of tanning materials. This necessarily leads to 
subclassification which cuts across grouping of barks, roots, etc. 
Many of the materials have numerous names. The common indus¬ 
trial name has been used. The botanical name given often corre¬ 
sponds to a medical term which has not been repeated. The botan¬ 
ical name has been shortened as much as feasible for identification. 
For listing of special names not given here, it is suggested that the 
reader refer to Mercks’ Index, or to an unabridged dictionary, 
which go into greater detail of that kind. 
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It IS to be borne in mind that cellulose, tannin, resins and gums 
are widely distributed in plant products. Often their presence is 
not mentioned because the content is only normal. 

The coffee bean is a natural product obtained from trees and 
shrubs of the family Coffea arabica, which grow in tropical coun¬ 
tries, particularly in Brazil, the West Indies, Africa and India. A 
crude treatment is simply to gather the coffee berries and let them 
dry in the sun, later removing the dried parchment and pulp from 
the inner berry. The more modern wet method is to soak the 
berries in water, loosen the pulp by friction, float the pulp off and 
collect the separated seeds. The berries are then dried and the 
parchment and silver skin broken and removed by winnowing. The 
berries are graded by size and are then ready for roasting. 

The roasting process is very important as it liberates caffeine 
from caffetannic acid and also develops the aromatic principle. 
Unsatisfactory results are obtained if the roasting is not accurately 
controlled. A certain degree of freedom is permissible, according 
to the tastes of the users in certain sections, so that grades such 
as cinnamon, city, medium and dark, are prepared. Dark coffee 
beans are the result of a high roast, which means that a relatively 
large amount of heat has been applied. 

Coffee is sometimes adulterated with cereal grains and other 
seeds. Addition of chicory may or may not be considered adultera¬ 
tion, as in some countries the added chicory flavor is preferred to 
that of straight coffee. 

To get the best infusion of coffee as a beverage, the beans should 
be available when freshly roasted and also freshly ground to the 
correct size. Since ground coffee is largely in demand in the retail 
market, various attempts have been made to insure the coffee reach¬ 
ing the consumer when freshly ground. One of these is to mark 
on the label the date when the coffee was ground, and to supply 
this only as needed by the grocer. Vacuum-packed coffee is sold 
extensively. The theory is that if packed in a high vacuum, the 
absence of any appreciable amount of oxygen will arrest the aging 
and associated deterioration of the coffee. This seems to be partly 
true. However, changes do occur in the vacuum-packed can of 
coffee, notably liberation of absorbed carbon dioxide, which ex¬ 
plains the pressure of gases built up in the vacuum-packed can. A 
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large amount of research continues to be conducted with a view to 
improving the quality of the coffee as it reaches the ultimate con¬ 
sumer. 

Grades commonly quoted include Santos, Santos peaberry, Rio, 
Bucaramanga, Bogota, Bogata peaberry, Maracaibo, Guatamala, 
Mocha, Java, Robusta, Mexican, Haiti, Costo Rica, East Indian, 
etc. A powdered extract prepared in vacuo is available, as well as 
liquid concentrated extracts. 

Chicory root is obtained from a plant, Cichorium intyhus, 
widely cultivated in Europe. The roots are roasted and ground 
for admixture with coffee. In this country this is usually consid¬ 
ered to be adulteration, but in many European countries chicory is 
considered to improve the flavor and quality of coffee. Chicory 
increases the color and body of coffee, in addition to giving it a 
somewhat bitter taste and frequently sells for a higher price than 
many grades of coffee. 

Tea leaves arc a natural product obtained from ])ushes of the 
family, Tliea sincusis, cultivated in China, India, Ceylon and the 
Dutch East Indies. Two different kinds are ol)tained, ])lack tea 
and green tea, which are the result of the method of treatment of 
the leaf. 

Black tea is produced by first spreading the gathered leaves in 
a thin layer in a withering house, where they become soft and 
flexible. They next pass through a rolling machine which breaks 
up the cell walls so that the inner juices are liberated and conse¬ 
quently will ferment more readily, and which also gives the leaves 
their rolled shape. They are then spread out in moist rooms to 
induce the growth of oxidative enzymes which cause the necessary 
changes for full development of the characteristic flavor. During 
this stage quantities of yeast cells are produced. These seem to 
be closely associated with the development of aroma and taste. At 
the same time some of the tannin is broken down into yellow and 
brown colored products. This accounts for the difference in color 
between black tea infusions and green tea infusions and also for 
the lesser content of tannins in black tea. The leaves are next fired 
to kill enzymes and to dry the leaves. After this they are graded 
by the size of the leaf. The graded tea is stored, again dried, and 
packed, usually in lead-lined boxes. Grades are Orange Pekoe, 
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Pekoe, Pekoe Souchong and Souchong, the first grade representing 
the youngest and best leaves. 

In the preparation of green tea it is necessary to avoid 
fermentation. The gathered leaves are therefore subjected im¬ 
mediately to a heat treatment to kill enzymes. The leaves are 
then centrifuged to remove liquids, rolled lightly, fired, graded 
and packed as in the case of black tea. Both kinds of tea are 
kept in air-tight containers during storage and when packed, 
to preserve their delicate aroma. Grades commonly quoted 
include Formosa, China greens, Japan basketfired, Japan pan- 
fired, Young Hyson, Sumatra, Java, Congote, India Orange 
Pekoe, Ceylon Orange Pekoe, Java Orange Pekoe, etc., each 
often with subgrades. 

Mustard seed is the seed of varieties of mustard plant 
which grow in various parts of the world. Black mustard or 
brown mustard is the dried ripe seed of Brassica nigra, Brassica 
juncea or related species which grow in Europe, Asia and the 
United States, The U.S.P. permits not more than 5 per cent 
of other seeds or other foreign organic matter. Not less than 
0.6 per cent of volatile oil of mustard must be present. The 
seed contains allyl isothiocyanate. Medically it is a carmina¬ 
tive and local irritant. It is the source of oil of mustard. White 
mustard or yellow mustard is the ripe seeds of Sinapis alba grow¬ 
ing in the same regions. It has similar medical uses. Mustard 
is sold according to the origin, as the yellow or brown grade. 
Brown grades come from Bombay and California, yellow 
grades from California, China, Denmark, Holland, England, 
Hungaria and Rumania. Both grades are used as a condiment. 

Turmeric root, curcuma or Indian saffron is the dried 
rhizomes of CAircnma longa, native to China, the East Indies 
and many tropical countries. It contains a yellow coloring 
matter curcumin, starch, resin and about 5 per cent of an es¬ 
sential oil. Alleppey and Madras grades are sold. It is used 
medically as a tonic and hepatic stimulant. Industrial uses 
are as a condiment in food, as a source of curcumin and as a 
coloring matter. 

Ginger root consists of the dried rhizomes of Zingiber offi- 
cinalc with the outer cortical layers removed. In commerce 
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this is known as Jamaica ginger. It must contain at least 
per cent of ether-soluble extractives to meet the U.S.P. stand¬ 
ards. Ginger is grown in all tropical countries. There is 0.25 
to 3 per cent of volatile oil present with an acrid resin and 
gingerol. Typical grades are African lemon Cochin, hold 
medium Jamaica, bright grinding Jamaica, and Japanese. The 
ground root is used as a condiment and in medicine as a stimu¬ 
lant, counterirritant, carminative, rubefacient, stomachic, di¬ 
gestive, sternutic and sialagogue. 

Cinnamon or Ceylon cinnamon is the dried inner bark of 
cultivated Cirinani 07 nuvt zcylanicum, grown throughout trop¬ 
ical countries. It contains 1-2 per cent of volatile oils, cinnamic 
aldehyde, tannin, sugar, etc. The price tends to be about 
double the average for cassia. Medically it is an astringent, 
carminative, stimulant and stomachic. Its most important 
uses are industrial, as a source of oil and as a condiment. 

Taigon cinnamon is similarly derived from Cinnainommn 
loureirii. It is the U.S.P. grade and must contain not less than 
2 per cent of volatile ether-soluble extractive and not more 
than 2 per cent of foreign organic matter. Its uses are similar 
to those of Ceylon cinnamon. 

Cassia or Chinese cinnamon is a term applied to the shrub 
or tree of several varieties. In the trade it is a coarse cinna¬ 
mon bark from Ciujianioniuin cassia and a related species. It 
contains 1-2 per cent of volatile oil, sugar, tannins, gums and 
coloring matter. The habitat is Southern China, Cochin China, 
and Eastern Asia. It is a carminative and astringent. This 
enters the market as grades 1,2 and 3 for the Batavia grade, 
rolls and broken for the China grade, and as Saigon. The lat¬ 
ter is the best, China grades are poor. All are much cheaper 
than true cinnamon and are used for similar purposes and 
flavors. Cassia buds are the dried unripe fruit of various 
species of cinnamomum. The buds resemble cloves but arc 
smaller. They contain 1-2 per cent of volatile oil, with tannins, 
and are used as flavors, being less expensive than cinnamon. 

Canella alba bark, white cinnamon or wild cinnamon is the 
inner orange-colored and highly aromatic bark of the Canella 
alha, a tree which grows in southern Florida and the West 



NATURAL PLANT PRODUCTS 


349 


Indies. It contains about 1 per cent of a volatile oil in which 
eugenol, cineol and tcrpenes are present. Mannite and resin 
are also present. It is used as an aromatic and stomachic, as a 
tonic and as a condiment. 

Nutmeg is the dried ripe seed of Myristica fragrans de¬ 
prived of its seed coat and arillode, with or without a thin coat¬ 
ing of lime. The tree is native to the Molucca Islands and 
cultivated in the East and West Indies and Brazil. In addition 
to 25-40 per cent of fixed oil some 5-15 per cent of volatile oils 
are present. Grades sold are 75-80 to the pound, 105-110 to the 
pound, and West Indian. It is sold whole and ground as a 
spice, and is the source of nutmeg oil. The U.S.P. standard re¬ 
quires not less than 25 per cent of nonvolatile ether-soluble 
material and not more than 0.5 per cent of acid-soluble ash. 
Medically it is a carminative and digestive. 

Mace is the highly aromatic external fibrous covering of 
nutmeg seeds obtained from Myristica fragrans, imported from 
Banda, Batavia and several tropical countries. It contains 
5-15 per cent of volatile oil with resin, gums, etc. Medically it 
is a carminative, tonic and stimulant. The major use is indus¬ 
trially as a spice. 

Pepper is the dried fruit of Piper nigrum. Black pepper con¬ 
sists of the dried unripe berries; white pepper of the dried ripe 
seeds freed of their natural coating. These are grown in trop¬ 
ical Asiatic areas. Red pepper, Cayenne pepper, capsicum or 
chillies are the dried pods of Capsicum jrutcscens, also grown 
in the tropics. They contain 1-2.5 per cent of volatile oil and 
5-8 per cent of piperine with piperidine, fat, resin, etc. Pepper 
is used mainly as a condiment. Grades of black pepper are 
Lampong, Aleppy, Tellicherry, etc. White pei)per is largely 
from Java. Black and white pepper are used in medicine as 
a carminative, stimulant, antipyretic, irritant, tonic, rube¬ 
facient and febrifuge. Red pepper has similar properties in 
])roper proportions. The U.S.P. grade of cayenne pepper con¬ 
tains not more than 3 per cent of stems and calyxes, not more 
than 1 per cent of other foreign organic matter, not less than 
12 per cent of nonvolatile, ether-solul)le extractive, and not 
more than 1.25 per cent of acid-insoluble ash. 
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Paprika is the dried red ripe fruit of the bonnet pepper, 
Capsicum tetragonuni. Grades of Hungarian and Spanish paprika 
are extra fancy, fancy, medium and fair. Paprika is ground and 
used as a mild spice. 

Cloves are the dried flower-buds of a widely cultivated tree, 
caryophyllus aromaticiis, grown in many areas. According to 
U.S.P. standards not more than 5 per cent of stems nor 1 per 
cent of other foreign organic matter is permitted. They con¬ 
tain not less than 15 per cent of volatile ether-soluble matter 
and not more than 10 per cent of crude fiber nor more than 0.75 
per cent of acid-soluble ash. The volatile oil is largely eugenol. 
Madagascar and Zanzibar grades are offered. They are used 
as carminative, stomachic, and antiemetic. Their important 
use is industrial, as a flavor in cooking, as a source of eugenol 
and for the production of flavorings. 

Pimento or allspice is the dried, nearly ripe fruit of Pimenta 
officinalis. It contains 3-5 per cent of volatile oil with resins, 
gums, etc. Pimento is medically a carminative, stimulant and 
stomachic. Industrially it is a condiment. 

Anise or aniseed is the dried ripe fruit of Pimpinella anisuni, 
an herb which grows in Egypt and western Asia and is culti¬ 
vated in many parts of the world. The seed contains 1.5-3.5 
per cent of volatile oil. Spanish, Russian, Italian and Star 
grades of anise seed are sold. Medically it is a carminative, 
stimulant, stomachic, expectorant and aromatic. It is impor¬ 
tant industrially as a flavor for foods and liquors, as a condi¬ 
ment, and as the source of anise oil. 

Sarsaparilla root is the dried root of various species of 
Smilax which grow in Mexico, Central and South America, 
known in commerce as Mexican sarsaparilla, Honduras sarsa¬ 
parilla, Central American sarsaparilla and Jamaica sarsaparilla. 
According to U.S.P. standard is must not contain more than 
2 per cent of organic matter foreign to the rhizome and crown. 
Mexican sarsaparilla contains not more than 10 per cent of 
rhizome and stem portion and not more than 4 per cent of acid- 
insoluble ash. The others are limited to 2 per cent of acid- 
insoluble ash. It is imported from Mexico and Honduras, the 
latter being about twice as expensive as the former. A pow- 
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dered extract of the Mexican root, prepared in vacxio, is sold. 
The root serves to produce an infusion used in flavoring, espe¬ 
cially in soft drinks, and in medicine as a mild tonic alterative, 
diuretic, diaphoretic and antisyphiletic. 

Sassafras bark is the bark from the roots of a North Amer¬ 
ican tree, Sassafras variijoliuni, of the laurel family. The bark 
contains 6-9 per cent of volatile oil, together with tannins, 
resins, gum and wax. It is sold as ordinary and select grades. 
Sassafras is an aromatic, diaphoretic, stimulant, alterative, 
astringent, and diuretic. It is the source of the sassafras oil 
used in flavors and perfumes. Sassafras root, containing about 
2 per cent of oil, is also sold. 

Angelica root is from a biennial herb, Angelica archangelica 
which grows in Europe and Asia. It contains up to 1 per cent 
of volatile oil with resin, starch, etc. Grades sold are domestic 
and imported, natural and twisted. It is used for the produc¬ 
tion of angelica-root oil, as a flavoring in candy and food and 
in medicine as an aromatic, carminative, diaphoretic, stimulant 
and nervine. Angelica fruit has quite similar properties. 

Witch-hazel leaves are the dried leaves of Hanmmelis vir- 
giniana, a shrub native to North America. They arc collected in 
the autumn, and are an astringent and tonic. Witch-hazel 
bark and twigs are also sold. Both are used as a source for 
distillation of the volatile oil present in witch hazel extract. A 
powdered extract, prepared in vacuo from the leaves, is sold. 

Vanilla beans are the cured full-grown but unripe fruit of 
a tropical American plant, Vaxnlla planifolia. They contain from 
2-3 per cent of a fragrant, pleasant-tasting crystalline com¬ 
pound, vanillin, together with about 4 per cent of resins and 
much sugar. The commercial beans are often covered with a 
natural coating of vanillin crystals. Grades of the beans sold 
are Bourbon, Mexican and South American, packed in tins. 
Both whole and cut beans are sold, the latter in a form for 
extraction. Medically they are an aromatic, antihysteric, anti¬ 
rheumatic, aphrodisiac and emmenagogue. Industrially they 
are the source of true vanilla extract by extraction with dilute 
alcohol. Vanilla beans are ground, and introduced into ice 
cream. In some countries the whole beans are a confection. 
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They are used in the preparation of perfumes. While syn¬ 
thetic vanillin is available, the artificial vanilla extract so pre¬ 
pared lacks some of the resins and other ingredients of the 
natural bean and the flavor therefore does not match the natural 
vanilla flavor. 

Tonka beans, or Coumarouna beans are obtained from a 
tropical South American tree, Diptcryx oppositiafolia. They 
have a pleasant odor because of the presence of up to 3 per 
cent of coumarin. A commercial source is Angostura in Vene¬ 
zuela. They are medically an antispasmodic, narcotic and 
stimulant. Industrially they are used in the manufacture of 
imitation vanilla flavors, in perfumes and in flavoring tobacco. 
Synthetic coumarin has rendered them less important in van¬ 
illa flavors than they formerly were. 

Spearmint consists of the dried leaves and tops of Mentha 
spicata, common garden mint, growing over a widespread area. 
The U.S.P. standard requires not more than 2 per cent of stems 
over 3 mm. in diameter and no foreign organic matter. They 
are high in volatile oil and arc used as a source of that oil, as a 
flavor and as a carminative. 

Peppermint consists of the dried leaves and tops of Mentha 
piperita, which grows in Europe, Asia and North America. The 
U.S.P. standard requires not more than 2 per cent of stems 
over 3 mm. in diameter, or other foreign organic matter. Both 
imported and domestic grades are quoted, the imported being 
more expensive. It is used as a source of an essential oil, as 
a flavoring material, and in medicine as an aromatic, stimulant, 
carminative, nervine and antispasmodic. 

Wild cherry bark is the stem bark obtained from the un¬ 
cultivated wild black cherry or chokecherry tree, Prunus serotina. 
It must be collected in the autumn and carefully dried to meet 
the U.S.P. standard. It contains various tannins, emulsin, 
benzoic acid, resin, etc. Grades sold are thick, natural and 
rossed, and thin, natural and rossed green. A solid extract pre¬ 
pared in vacuo is available. It is used as a tonic, febrifuge and 
sedative. Technical uses are as bitter flavoring material. 

Wormwood is the dried leaves and flowering tops of an 
herb, Art erne sia absinthium grown in Asia, Africa and the United 
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States. It contains a bitter glucosicle absinthin, volatile oil, 
succinic acid and tannins. It is used as febrifuge, anthelmintic, 
tonic, stimulant and stomachic. Either the fresh or dried herb 
may be used to produce oil of wormwood of varying qualities. 
The herb is extracted as a flavor for alcoholic beverages. 

Juniper berries are the dried, ripe fruit of a shrub Junifyerus 
communis, growing in Europe, Asia and North America. They 
contain considerable amounts of volatile oil, which varies sub¬ 
stantially in constants according to where they are grown. A 
])owdered extract ]n*epared in vacuo is available. Medically the 
berries are a diuretic, anodyne, emmenagogue, stimulant, sto¬ 
machic and carminative. Industrially they are the source of 
an essential oil and an essential ingredient of the flavor of some 
liquors, particularly gin. 

Coriander seed is the dried ripe fruit of Coriandrum sativum 
grown in Asia and Europe. The Moroccan seed is sold bleached 
and unbleached. Russian coriander seed is also sold. It is 
used as a seasoning and flavor for foods and beverages. 
Medically it is a stimulant, aromatic and carminative. 

Cardomom seed is, according to U.S.P. standards, the dried 
ripe seed of an East Indian herb, Elcttaria cardamomiim, recently 
removed from the capsules, and must not contain more than 5 
per cent of acid-soluble ash. It contains 2-8 per cent of oils 
along with resins, etc. Commercial grades are bleached, de¬ 
corticated and green. The seed is used as a condiment, in 
flavoring alcoholic beverages, and in medicine as a stimulant, 
stomachic and carminative. 

Calamus root or sweetflag is the dried rhizome of Acarus 
calamus, native in Europe, North America and Western Asia 
and cultivated in Burma and Ceylon. It contains 1.5-3.5 per 
cent of volatile oil with resins, starch and tannins. Calamus is 
used as a flavoring for gin and other beverages, and in medi¬ 
cine as a tonic, stomachic, carminative, stimulant and bitter 
principal. A bleached grade is sold as well as the peeled root, 
the latter being relatively inexpensive. 

Caraway seed is the dried ripe seed, the fruit of Carum cann, 
an aromatic herb which grows in various parts of the world, 
and is imported into this country from Holland. According to 
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U.S.P. standards, it must not contain more than 3 per cent of 
other seeds or foreign organic matter, nor more than 1.5 per 
cent of acid-soluble ash. It contains 3-7 per cent of volatile 
oil, along with resin, sugar, tannin and gums. Caraway is used 
as a condiment in food and confectionery, as a flavoring for 
liqueurs, and in medicine as a stimulant, diuretic, stomachic 
and carminative. 

Sloe berries are the dried ripe fruit of a blackthorn. 
Primus spinosa. They resemble huckleberries and are used for 
flavoring sloe gin. Dried raspberries are the dried ripe fruit of 
plants of the genus Rubus grown in the north temperate zone. 
Aside from flavoring materials they are high in organic acids. 
Uses are mainly as flavoring substances. 

Bitter orange peel is the dried outer rind of unripe Citrus 
aurantium by U.S.P. definition. Sweet orange peel is by the 
same definition the fresh outer rind of ripe Citrus aurantium sincn- 
sis which has not been artificially colored. Commercially, bit¬ 
ter orange peel is usually from the Curacao or Seville oranges. 
Citrus vulgaris, —and sweet orange peel, the dried peel from the 
sweet orange specified by U.S.P. Both types are widely grown. 
Both are high in oil content. Powdered extracts of each, pre¬ 
pared in vacuo, are sold. Bitter orange peel is a carminative, 
tonic, stimulant and stomachic. Both yield an orange oil, but 
only sweet orange oil is commonly used. The peels are used in 
producing flavors in foods and liquors. 

Lemon peel is the dried outer rind of ripe lemons, Citrus 
medica liinonum, which grow in various parts of the world in 
semitropical climates. The U.S.P. product must be obtained 
from fresh ripe fruit. It is used as a tonic, refrigerant, anti¬ 
scorbutic and corrigent. Lemon peel is a source of lemon oil 
and is used in foods, confectionery and liquors. A powdered 
extract prepared in vacuo is also sold. 

Licorice root is the dried rhizomes and roots of varieties 
of Glycyrrhisa glabra, yielding a yellow sweet wood such as 
are known in commerce as Spanish licorice, Russian licorice, 
etc. Not more than 2.5 per cent of acid-insoluble ash is per¬ 
mitted by U.S.P. standards. It is grown in Southern Europe, 
Central Asia and the United States and contains 2-7 per cent 
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of licorice, about 1.25 per cent of asparagin, glucose, sucrose, 
resin, etc. Ordinary and select root, largely imported from 
Europe, are sold, as well as powdered root and a solid extract 
of the root prepared in va-cuo. The selected root is relatively 
expensive. It is an expectorant, corrigent, slight stimulant, 
demulcent and laxative, and is largely used to cover flavors of 
other medicinals. Industrially it is used largely as a source 
of the extract. 

Hops are the carefully dried, cone-shaped flowers obtained 
from a widely cultivated climbing vine, Humulus lupiilus. They 
contain about 0.3 per cent of volatile oil with hard and soft 
resins, tannins, etc. Both domestic and imported grades are 
sold, the imported being more expensive. A powdered extract 
]}repared in vacuo is also sold. Medically they are a carmina¬ 
tive, diaphoretic, hypnotic, sedative, anodyne, diuretic, anti- 
spasmodic and tonic. Industrially they are much more impor¬ 
tant as used in the production of malt beverages such as beer. 

Marjoram or sweet marjoram is a widely cultivated Euro¬ 
pean and Asiatic herb, Origanum majorana. It is imported from 
France and Tunis. Marjoram is used in medicine as a tonic, 
diaphoretic and emmenagogue, and industrially as a condi¬ 
ment. 

Saffron flowers are the stigmas of Crocus sativus, widely 
cultivated in Southern Europe and Asia. They contain a 
glucoside, oils, wax, etc. Medically they serve as emniena- 
gogue, antispasmodic, antihysteric, diaphoretic, anodyne, and 
stomachic. Grades sold are American, Mexican and Spanish. 
They are used principally as a source of a natural orange dye 
to color food and also impart some flavor. 

Fenugreek seed is the seed of Trigonclla focnum-graccum, a 
leguminous plant cultivated in France, Germany, Egypt and 
Asia Minor. Some 6 per cent of oil is present. It is used 
medically in poultices, and as an artificial maple flavoring for 
foods. A powdered extract prepared in vacuo is available. 

Grains of paradise are the pungent seeds of a West African 
])lant, Amonnum melegueta. They contain about 0.25 per cent 
of volatile oil and are used as a condiment and in veterinary 
medicine. 
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Fennel seed is the dried ripe fruit of cultivated varieties of 
roeniculum vulgarc, grown largely in Europe and western Asia. 
It contains 4-5 per cent of volatile oils. French and German 
seeds are imported, the latter in large and small grades. The 
seed is used in medicine as a stimulant, expectorant, carmina¬ 
tive, galactagogue and stomachic. Fennel is also used as a 
flavor in foods. 

Dillseed is the dried ripe fruit of Ancthum gravcolcns, the 
garden dill. It is cultivated in Europe and the United States 
and contains 3-4 per cent of volatile oil. Dillseed is sold as 
dewhiskered, polished and recleaned. Uses are as a condiment, 
especially for pickles, for extraction of dill oil, and as a galacta- 
gogue, carminative, stimulant and stomachic. 

Celery seed is the dried ripe seed of Apiian gravcolcns, culti¬ 
vated in nearly all parts of the world. It is imported from 
France and India, and is used as a condiment. In medicine it 
serves as a sedative, diuretic aiul febrifuge. A powdered ex¬ 
tract prepared in vacuo is available. Celery root is used some¬ 
what similarly in medicine. 

Sage or salvia is the dried leaves of a shrub. Salvia officinalis 
which grows in this country and Europe. They contain 1-3 per 
cent of volatile oil with the usual resins, gums, and tannins. 
Dalmatian sage leaves are imported and quoted as stemless. 
Garden sage is also available. They are a tonic, astringent and 
stimulant but are mainly used as a condiment. 

Thyme consists of the dried leaves and flowering tops of 
a pungent aromatic plant, Thymus vulgaris, native to Southern 
Europe but cultivated in various parts of the world. They 
contain volatile oil, tannins and gums. Thyme is imported from 
France and Spain for use as a seasoning agent in food. It is 
also used as antipyretic, carminative, antiseptic and anti- 
spasmodic. 

Savory or summer savory consists of the dried leaves of an 
aromatic mint, Satureia hortensis, grown in Europe and the 
United States. It is used in medicine as a stimulant, carmina¬ 
tive and emmenagogue. The major use is as a condiment. 

Horehound or hoarhound consists of the dried leaves and 
tops of Marrubium vulgare, 'J'his grows in Europe, Asia and the 
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United States, and is a kind of mint. It is used as a stimulant, 
resolvent, tonic, diaphoretic, laxative, vermifuge and nervine. 
Horehound is also used in cough medicine and in confectionery. 
A powdered extract prepared m vacuo is available. 

Manna is the dried exudate from Fraxinus ortius, a variety 
of European flowering ash. The U.S.P. X standard requires 
not less than 75 per cent of alcohol-soluble extractive on an 
anhydrous basis by extraction with 90 per cent alcohol. The 
commercial form is as large and small flakes, of which the large 
are much more expensive. It contains 40-60 per cent of niannite 
or mannitol and is very soluble in water. Medically it is a 
cholagogue, expectorant, nutrient, demulcent and laxative. 
Industrially it is a source of mannite or mannitol. 

Pyrethrum flowers or insect flowers are obtained from 
Chrysanthemum cinerarijolium grown in Asia, Africa, Dalmatia 
and Japan. They contain about 1-1.5 per cent of volatile 
oil in which pyrethrins are present. Grades sold are coarse and 
finely ground Dalmatian and Japanese flowers. The latter are 
the main supply. They are used in powdered form as insecti¬ 
cides and for extraction to produce liquid insecticides, usually 
on the basis of pyrethrin content. 

Derris root is from Dcguclia elUptica, a plant grown in 
Europe and the East Indies. It contains rotenone, tubatoxin 
and acid resins poisonous to lower forms of animals but rela¬ 
tively nonpoisonous to humans. It is sold in bales and pow¬ 
dered, the latter as 4 per cent and 5 per cent rotenone, at prices 
based on the rotenone content. Use is in the manufacture of 
insecticides. 

Cube root is obtained from several tropical American plants 
of the genus Jacquinia. The dried powdered product is used in 
the manufacture of insecticides. Cube root was used originally 
as a fish poison because it is not poisonous to humans. Com¬ 
mercially it is used for its rotenone content and is so quoted, as 
])owdered and coarse, with 5 per cent, 4 per cent and 3 per cent 
content of rotenone. 

Timbo root is the root of a South American woody vine, 
Paullinia pinnata. The root is imported in powdered form. 
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sold on the basis of its rotenone content as 5 per cent and 4 per 
cent grades and used in preparation of insecticides. 

White hellebore and black hellebore root consists of the 
dried rhizomes of the genus Helleborus, The black variety is a 
cathartic, tonic, hydragogue and emmenagogue. The white 
variety is an emetic, diaphoretic, errhine, sternutic and anti¬ 
pyretic. The white variety is powdered and used externally 
for its insecticidal value. Powdered concentrates prepared in vacuo 
are available. 

Green hellebore consists of the dried rhizomes and roots of 
Veratrum viride. It is required by U.S.P. grading to contain 
not more than 5 per cent of stems or other foreign organic 
matter and not more than 4 per cent of acid-insoluble ash. It 
is a sedative, emetic, diaphoretic, irritant, sternutic, errhine 
and diuretic. 

White squill is a U.S.P. product consisting of the cut and 
dried fleshy inner scale of the bulb of the white variety of 
Urginea maritima, Scilla or sea onion. It grows wild in pear- 
shaped bulbs weighing 2-4 pounds, in southern Europe, north¬ 
ern Africa and Asia, and is sold in coarse and powder form. 
White squill contains several glucosides and is used in medi¬ 
cine as a heart stimulant, diuretic, cathartic, emetic and ex¬ 
pectorant. A powdered extract and a stronger concentrate, 
both prepared in vacuo, are available. Red squill is quite 
similar and not distinguished botanically. It may also be from 
Urginea burkei. Red squill is sun-dried or preferal)ly oven- 
dried and is used as a rat poison. The active ingredients are 
glucosides. It is relatively nontoxic to humans, domestic 
animals and fowls. An extract is also sold under trade names. 

Stavesacre seed, or Staphisagria, is the ripe seed of Delphin¬ 
ium staphisagria, Eurasian larkspur. The seeds contain 
several alkaloids, the principal one being delphinine. Medically 
they are an emetic, rubefacient, antineuralgic, diuretic and 
cathartic, and are in U.S.P. IX. Industrially they are the 
source of delphinine and are used in insecticides, particularly 
against mites. 

Sabadilla seed are the seeds of Schoenocaulon officinalis, a 
plant which grows in Mexico and Central America. The usual 
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commercial grade is powdered. It is used in medicine as a 
cathartic, emetic and vermifuge. Industrially it is used in 
insecticides against lice and as a source of the alkaloid vera- 
trine. 

Red saunders wood, red sandalwood or ruby wood is the 

heartwood, oiPterocarpus santalinus, an East Indian tree. There 
is a U.S.P. standard for the product.* The ground wood is an 
astringent and tonic but is used primarily as a source of a 
natural dye. Other uses are as an odorant and in cosmetic 
products. 

Camwood is the red heartwood of an African tree, Baphia 
nitida, sold in ground form. The extract is used as a dye. Con¬ 
fusion with the term barwood sometimes arises but they are 
probably identical. Camwood bark is the hard red bark from 
the same tree. It is used for extraction of dyestuff. 

Wattle bark is obtained from various Australian, Indian 
and .African trees or shrubs of the genus Acacia, The bark con¬ 
tains 25-35 per cent of tannin. Gallic acid is also present. The 
bark is used for preparation of tanning extract. 

Mangrove bark is obtained from Rhizophora mangle, the 
mangrove tree. Sources are Borneo, the Philippine Islands and 
Africa. It is high in tannins, which are extracted for use in 
tanning, and is a tonnage product. 

Divi-divi is the fruit of a tropical American and West In¬ 
dian tree, Cacsalpinia copiaria. The fruits are thin pods about 
3 inches long, quoted in bags, and used for their tannin content 
as a tanning and dyeing agent. An extract is also sold. 

Valonia, or valonia cups, are the dried acorn cups of an 
oak, Quercus aegilops, and of other oaks. They grow in south¬ 
eastern Europe and Asia Minor. The cups contain 20-40 per 
cent of tannins, and are often quoted at 32 per cent of tannins. 
Valonia beards are a hairy growth on the acorns of the same 
tree and are even higher in tannins, being often quoted at 42 
per cent of tannins. Both are tonnage products used to supply 
tannin for the tanning of leather. 

Sumac berries or sumach berries are obtained from various 
species of sumac shrubs and trees, Rhus glabra. They are im¬ 
ported from Sicily and are also produced in this country. The ber- 
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ries contain tannin, malic and gallic acids, volatile oils and red 
pigment. Sumac berries are used in the dyeing and tanning in¬ 
dustries, and also as an astringent and antidiarrhetic. Sumac 
leaves and sumac bark are used to some extent for similar pur¬ 
poses and are quoted as tonnage products. They are high in 
tannin content and their major use is as a source of raw material 
for manufacture of sumac extract. Ground sumac leaves are 
quoted. 

Nutgalls are excrescences which develop on various species 
of oak, genus Qucrcus, from the deposit of the eggs of an insect. 
The U.S.P. standard requires that they be from young twigs. 
The trees which develop them are native to the Levant. The 
galls contain 2-4 per cent of gallic acid, 50-60 per cent of tan¬ 
nins. along with resin, gums, etc. Commercial grades are 
Aleppo nutgalls and Chinese nutgalls. Medically they are 
used as an astringent. Industrially they are a source of gallic 
and gallotannic acids which are important items of trade, and 
of tanning extracts. 

Myrobalans are dried immature fruit obtained from various 
East Indian trees of the genus Terminalia, somewhat resembling 
prunes in appearance. They contain 20-30 per cent of tannin 
with resins, fatty acids, etc. Grades sold are Jl, J2 and R2. 
They are used for the production of tanning and dyeing agents. 
Medically they are used as an astringent and cathartic. 

Alkanet root is obtained from several varieties of the genus 
Alkanna, plants growing in Southern Europe and Western 
Asia. They are high in tannin, and alkanin, a red oil-soluble 
natural coloring matter. This is soluble in ether, alcohol or 
benzene. Alkalies convert it to blue. This coloring matter is 
extracted for coloring, particularly of oils. 

Henna or Egyptian privet, is the leaf obtained from an 
Asiatic shrub, Lawsonia inermis, which is cultivated along the 
Mediterranean. The leaves contain coloring matter and tannin 
and are used mainly as an orange-red coloring agent. This is 
applied not only to the hair, nails, etc., but also to leather and 
some textiles. Powdered henna consists of the powdered 
leaves and is also quoted. White henna is a variable chemical 
mixture, unrelated to the botanical henna. 
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Logwood sticks arc small rough logs cut from the heart 
of the logwocKl tree, Hematoxylon campechianum, growing in 
the West Indies and Central America. They are imported from 
Haiti as a tonnage product and are the source of a natural 
dye obtained by extraction of the wood. There is also some 
use of logwood as a mild astringent. 

Annatto seed is obtained from Bixa orellana, a tropical 
American tree. The pulp of the seed yields a yellowish red 
dyestulT used for dyeing silk, butter, cheese, oil and wood to 
yellow or orange colors. Annatto paste is also quoted. 

Madder or Dutch madder is the pulverized root of Rubia 
tinctorum, a Eurasian plant. It is the natural source of the dye 
alizarin, now largely displaced by the synthetic material, for 
use in pigments, dyeing, printing of cotton, etc. 

Orris root or white flag is the fragrant dried rhizome of 
several European varieties of Iris. It contains iridine, ionone, 
resin, starch, tannin and 0.1-0.2 per cent of volatile oil. The 
Florentine or V^erona root is sold as fingers or powdered. Med¬ 
ically it is a stimulant and diuretic. Industrially it is used in 
perfumes, cosmetics, tooth powders, etc. Occasionally indi¬ 
viduals are found to be allergic to orris root. 

Lavender flowers are the dried flowers, Lavandula vera. from 
the Mediterranean region. Grades are ordinary and selected. 
They are a nervine, carminative, stimulant and errhine. They 
are the source of lavender oil, an essential oil used in perfum¬ 
ery. The flowers are also used in cosmetics, and in preparations 
to repel moths. 

Rose flowers are the dried petals of Rosa gallica collected 
just before expanding. This is a U.S.P. X standard. The 
commercial flowers are vsold as red and pale. They are a 
carminative and astringent. The major use is industrially as 
a source of rose oil, for distillation to produce rose water, and 
in cosmetics. 

Rosemary flowers and rosemary leaves are obtained from 
the shrub Rosmarinus officinalis, which grows in southern Europe 
and Asia Minor. They are used for the production of oil of 
rosemary and in perfumery. The flowers are used as emmena- 
gogue, rubefacient, antispasmodic and stimulant. 
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Orange-flower petals are the dried petals of flowers of the 
bitter orange Citrus aurantium or Citrus bigardia, grown in 
Europe and the United States. They are used for the produc¬ 
tion of an essential oil, as an odorant in cosmetics, for the 
preparation of Eau de Cologne and orange-flower water. 

Poppy flowers are obtained from the Eurasian poppy plant, 
Papaver sommiferum. The red poppy flowers are used in medi¬ 
cine for making a syrup. Poppyheads or poppy capsules are 
the fully grown, dried unripe capsules of the same plant, used 
as a hypnotic and sedative in place of opium. 

Patchouli leaves are obtained from an East Indian shrubby 
mint, Pogostcmon patchouly, and are used as a source of patchouli 
oil. 

Pennyroyal consists of the dried leaves and flowering tops 
of Mentha pulegium grown in Europe and Great Britain. It is 
used as a source of an essential oil and in medicine as a stimu¬ 
lant, carminative and emmenagogue. 

Deertongue leaves or deer’s tongue leaves are obtained from 
a plant, Trilisa odoratissima, which grows in the southeastern 
part of the United States. It is also known as wild vanilla. 
The leaves contain volatile oils and coumarin. Medically they 
serve as a tonic and stimulant. Industrially they are used in 
perfumes and as a flavor in tobacco. A powdered extract pre¬ 
pared in vacuo is available. 

Hempseed is the fruit of Cannabis saliva, an Asiatic herb 
which is widely cultivated. It is imported from Manchuria for 
use as food for cage birds and as a source of hempseed oil. Can¬ 
ary seed is the seed of canary grass, Phalaris canariensis. It is 
obtained from the Argentine, Morocco and Turkey, and is used 
as a food for cage birds. 

Poppy seed is obtained from the Papaver sommiferum or 
poppy plant. Grades sold are Dutch, Hungarian and Polish. 
The black seeds are used for coating bakery products and as a 
source of poppy oil. Quality is usually judged by the presence 
of broken or crushed seeds and the degree of adventitious con¬ 
tamination. White seeds are sometimes used in pharmaceu¬ 
ticals. 
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Sunflower seed is the dried ripe seed of Helianthus annus, 
the common sunflower which grows in temperate climates. 
California sunflower seed includes large and medium grades. 
The seeds serve as an expectorant and diuretic. An inferior 
grade is sold for poultry feeding. Industrially they are the 
source of sunflower oil. 

Rapeseed or napus seed is obtained from Brassica napus, a 
plant of European origin. The seeds are imported from Bel¬ 
gium, Holland and Japan, and used for the extraction of rape- 
seed oil. 

Pumpkin seed or pepo is the dried ripe seed of cultivated 
varieties of Cucurbita pcpo grown in Asia, Europe and North 
America. According to U.S.P. X not more than 5 per cent of 
broken or defective seed is permitted. Acrid resin, proteins, oil 
and sugar are present. The seeds are a vermifuge and teniafuge 
and the source of pumpkin seed oil. 

Copra is the dried meat of the coconut, a fruit obtained from 
the palm Cocos nucifcra, which grows in the East Indies and 
South Sea Islands. Copra is a source of a grade of coconut 
oil, sometimes separately identified as copra oil and used in 
food products and in soap making. 

Millet seed is obtained from the forage grass, millet, Panicmn 
niiliaceum. It is sold both as whole seed and hulled. Uses are 
as a cereal grain and as a food for birds. 

Soapbark or quillay is the dried inner bark of Quillaja sapo- 
nuria, a South American tree. It is sold as pieces, crushed, cut 
and powdered, largely imported from Chili, and is used indus¬ 
trially as a source of saponin. Soapbark is a stimulant, expec¬ 
torant, irritant, diuretic and sternutant. 

Quassia chips are obtained from the wood of a tropical 
American tree, Picrasma cxcelsa known in commerce as Jamaica 
quassia, or from Quassia amarc, known in commerce as Surinam 
quassia. There is a U.S.P. X standard. The chips are also 
known as bitterwood or bitter ash. Less common forms are 
as raspings, shavings or billets. The wood is tough and coarse 
grained, fibrous, yellowish white to bright yellow with occa¬ 
sional gray pieces. They contain alkaloid, resin, gum, pectin, 
etc. Quassia bark is also sold. Both the chips and bark are 
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used as an anthelmintic, febrifuge, tonic and antiparisitic. In¬ 
dustrially they are used in the preparation of fly paper poisons 
and hair lotions, as a substitute for hops in brewing, and as a 
bitter flavoring. 

Lycopodium or vegetable sulfur is a fine yellow, highly in¬ 
flammable powder consisting of the spores of Lycopodium 
clavatum. The U.S.P. permits not more than 0.75 per cent of 
acid-insoluble ash. The plant grows in North America but 
the product is mainly imported from Europe. The spores con¬ 
tain about 50 per cent of oil. It is used as a cathartic and 
diuretic. Lycopodium is also a dusting powder and absorbent 
in excoriations of the skin. Industrially it serves in the manu¬ 
facture of fireworks. 

Fleaseed or psyllium seed is obtained from a southern Eu¬ 
ropean plant, cultivated in the Far East, Plantago psyllium. 
French or black, and Indian or blond seeds are sold. The small 
shiny seeds contain a mucilaginous substance and are used in 
sizing silk, in paper manufacture and in medicine as a laxative. 

Quince seed is the seed of Cydonia vulgaris, an Asiatic and 
European tree which is widely cultivated. The seeds contain 
amygdalin, emulsin, about 15 per cent of fatty glyceride, pro¬ 
tein. and about 20 per cent of gum. The gum is extracted from 
the commercial seed and used medically as a demulcent, and 
industrially as an emulsifying and thickening agent in cos¬ 
metics such as lotions and creams. The dried extract is also 
available to some extent. 

Iceland moss is a dried form of lichen such as Cctrania is- 
landica, which grows in mountainous and Arctic regions. It is 
used as a tonic and demulcent. 

Carob seed is derived from Ccratonia siliqua, a tree growing 
near the Mediterranean. The long j)ods contain, with the seed, 
a sweet pulp used as a food for animals or man. The seeds 
were the standard of weight from which the carat is derived. 
The seeds are also known as carob bean, carob-tree bean, St. 
John’s bread, algarroba or algarroba bean and locust bean. 
From carob seed are derived various extracts sold under trade 
names, and as locust-bean gum. A purified grade, free from 
starch, has been classed as locust kernel. The extract is often 
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classified as Tragasol, a trade name. These extracts are only 
partially watcr-soluhle, and are used as emulsifying agents. 
Their large-scale use renders them important but standardiza¬ 
tion is difficult, and products of various producers vary widely 
in properties. A powdered extract of the seed, prepared 
in vacuo, is available. 

Arrowroot is a plant of the genus Maranta cultivated in the 
West Indies, South Carolina, Georgia and many tropical coun¬ 
tries. The starch from the roots, arrowroot starch, is of a char¬ 
acteristic form, sold as American, St. Vincent and Bermuda 
grades for uses competitive with other starches. Such uses 
include as sizing materials, foods, in laundering, etc. 

Nux vomica is the dried seed of an Asiatic and Australian 
tree, Strychnos uux-vomica. The U.S.P. standard requires the 
presence of not less than 1.15 per cent of strychnine. The usual 
content of mixed nux vomica alkaloids is about 2.5 per cent. 
The other principal alkaloid is brucine. The seed is sold both 
whole and powdered. Medically its properties are those of 
strychnine and brucine of which it is the commercial source. 

St. Ignatius* beans, Ignatius beans or ignatia are the dried 
ripe seeds of a Philippine woody vine, Strychnos Ignatii. They 
also grow in Cochin China, and contain about 2 per cent of 
strychnine and 1 per cent of brucine. The properties and uses 
are similar to those of nux vomica. A powdered extract, pre¬ 
pared in 7’acuo, is available. 

Ipecac consists of the dried rhizomes and roots of varieties 
of CephoeJis ipecacuanha, known in commerce as Rio ipecac, 
Brazilian ipecac, Cartagena ipecac, Nicaragua ipecac or Pan¬ 
ama ipecac. The plant grows in Brazil and Bolivia and is 
cultivated in India. The major ingredients of the roots are 
emetine, cephaeline, psychotrine, ipecacuanhic acid, choline, 
sugar and resin. The alkaloids of the Cartagena ipecac con¬ 
sist of about 72 per cent of emetine, 26 per cent of cephaeline 
and 2 per cent of psychotrine. The U.S.P. standard requires 
not less than 2 per cent of ether-soluble alkaloids of ipecac, and 
not more than 5 per cent of overground stems or 2 per cent of 
other foreign organic matter. Ipecac is quoted as root and 
powder. A dry extract, prepared in vacuo, is also sold. Ipecac 
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is used as an emetic, expectorant, vascular sedative, diaphoretic 
and antidysenteric. It is the source of emetine, and a deemetin- 
ized ipecac is sold. 

Cocillana bark, cociliana bark or cocilliana bark is the dried 
bark of various Guarea growing in Bolivia. It contains resins, 
fat and tannins and resembles ipecac in properties. It is a 
cathartic. 

Cinchona bark or Peruvian bark is the dried bark of various 
species of Cinchona, known in commerce as red cinchona or 
yellow cinchona. Cinchona grows in South America and is 
raised in India. The latter is the main commercial 
source. It contains at least 35 different alkaloids but 
the content is largely quinine. The U.S.P. standard requires 
that at least 5 per cent of alkaloids be present. Various grades 
sold include quils, long, broken and chips, as well as high-test 
bark and chips of bark. It is the source of quinine and other 
cinchona alkaloids, and is a febrifuge, antiperiodic, astringent 
and tonic. A grade comes from Ecuador as pale cinchona in 
tubes. A powdered extract of the red variety, prepared in vacuo, 
is available. 

Aconite, monkshood or wolfsbane, is a poisonous plant, 
Acoiiituni napellus, from which both leaves and root are recov¬ 
ered. Only the dried tuberous roots are U.S.P. They may con¬ 
tain not more than 5 per cent of stems nor more than 2 per cent 
of other-foreign organic matter. The leaves are permitted by 
the British Pharmacopoeia. A powdered extract of the root, 
prepared in vacuo, is sold. The plant grows in the mountainous 
areas of Asia, Europe and North America. The roots contain 
about 0.4 per cent of aconitine along with other alkaloids. It is 
a diaphoretic, antipyretic, myotic, anodyne and sedative, and 
a source of alkaloids. 

Digitalis or fox glove consists of the dried leaves of the 
purple foxglove, Digitalis purpurea. The U.S.P. standard per¬ 
mits not more than 8 per cent of moisture, not more than 2 per 
cent of stems, browned leaves, flowers or foreign organic mat¬ 
ter, and not more than 5 per cent of acid-insoluble ash. The 
potency also must be such that 0.1 gram has an activity of 1 
U.S.P. digitalis unit. This is identical with the International 
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unit. It is used in powdered form. Digitalis grows in Europe 
and the United States and contains 0.2-0.4 per cent of digitoxin 
with other alkaloids, resins, etc. It is used as a sedative, nar¬ 
cotic, aphrodisiac, heart tonic, vascular stimulant and diuretic. 
A powdered extract, prepared in vacuo, is available. 

Belladonna leaves and belladonna root are both U.S.P. 
products. The leaves are the dried leaves and tops of Atropa 
belladonna or deadly nightshade, and contain not more than 3 
per cent of stems over 10 mm. in diameter and yield not over 
3 per cent of acid-insoluble ash. Over 0.3 per cent of alkaloids 
must be present. The U.S.P. root of the same shrub contains 
not more than 10 per cent of stem bases and woody crowns, not 
more than 2 per cent of other foreign organic matter and gives 
not more than 4 per cent of acid-insoluble ash. Not less than 
0.45 per cent of alkaloids is present. The plant grows in 
Europe, Asia Minor and northern Africa and is raised in the 
United States. Both leaves and root are quoted and contain 
atropine, hyoscyamine and scopalamine with organic acids. 
They are used as sources of the alkaloids and as a sedative, 
antispasmodic, mydriatic, anodyne and narcotic. Dried ex¬ 
tracts, prepared in vacuo from both leaves and root, are available. 

Conium, hemlock, poison parsley or spotted cowbane is 
usually the leaves of a poisonous herb, Conium maculatum, grow¬ 
ing in Asia, Europe and the United States. The unripe, care¬ 
fully dried fruit is also used. They contain the liquid alkaloid, 
coniine, with related alkaloids, volatile oil, etc. Either form is 
used as antispasmodic, aphrodisiac, anodyne, soporific, narcotic 
and sedative. The leaves and fruits are also the commercial 
source of coniine. A dried extract from the leaves, prepared 
in vacuo, is available. 

Strophanthus seeds are the dried, ripe seeds of Sfrophantlius 
komhe, and a related species of tropical African and Asiatic tree 
or shrub, the seed being deprived of the awns. They contain 
8-10 per cent of the glucoside strophanthin, along with trigonel¬ 
line, fixed oil, etc. There is a U.S.P. X standard based on the 
strength of a tincture measured by injection into a frog. A 
dry extract, prepared in vacuo, is available. The seeds are 
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medically a stimulant and diuretic, much like digitalis. Indus¬ 
trially they are the source of strophanthin of U.S.P. standard. 

Stramonium or thorn apple consists of the dried leaves and 
flowering tops of the jimson weed, Datura stramonium. Sup¬ 
plies are largely imported from Europe. The U.S.P. standard 
requires the presence of not less than 0.3 per cent of alkaloids 
and not more than 3 per cent of stems over 8 mm. in diameter. 
The acid-insoluble ash must not exceed 4 per cent. A powdered 
extract, pre|3ared in vacuo, is sold. The leaves contain the 
alkaloids atropine, hyoscyamine and scopolamine along with 
albumins, gums, etc. They are used as a diuretic, antispas- 
modic, narcotic, nervine, mydriatic and hypnotic. They arc 
smoked to relieve asthma. In both composition and use they 
are similar to belladonna. Stramonium seed is also sold. 

Calabar beans are the dried ripe seeds of Pliysostigma vene- 
nosum, a tropical woody vine. They contain physostigmine 
and in U.S.P. X w'ere required to have a 0.15 per cent alkaloid 
content. They grow in West Africa, India and Brazil. The 
beans are used in medicine as a motor depressant, sialagogue, 
sedative, diuretic, myotic, antineuralgic, diaphoretic, purgative, 
antitetanic, antispasmodic and tonic. They are the commercial 
source of physostigmine. 

Wormseed is not a true seed. American wormseeds are the 
unexpanded flowerheads of a native plant of the genus Arte- 
mesia. Levant wormseed consists of similar flowerheads of 
Artemesia maritima or Artemesia pauciflora grown in Persia, 
Turkestan and Russia. The American material is of low 
quality. Levant wormseed contains 2-5 per cent of santonin. 
The product is used as an anthelmintic and as the source of 
santonin. 

Barberry root bark is the bark of the rhizome of Berberis vul¬ 
garis. It is a laxative, febrifuge, astringent and bitter tonic and 
is also a source of berberine and of a yellow dye. Barberry 
bark is also quoted at a somewhat lower price. 

Jaborandi or pilocarpus consists of the dried leaflets of Pilo¬ 
carpus jaborandi, a South American shrub. They contain about 
0.5 per cent of pilocarpine along with other alkaloids. A pow¬ 
dered extract of the leaves, prepared in vacuo, is available. The 
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uses are similar to those of pilocarpine and the leaves are the 
commercial source of that alkaloid. Colchium seed is the dried 
ripe seed of Colchium autummile obtained from a European and 
northern African herb of the bunch-flower family. The U.S.P. 
standard requires 0.45 per cent of colchicine. It contains 6-8 
per cent of oil with the usual tannins, starches, gums, etc. A 
powdered extract, prepared in vacuo, is available. The seed is 
used in medicine for its emetic, sedative, diuretic and cathartic 
action, and for the extraction of the alkaloid, colchicine. 

Ergot is the dried sclerotium of Claviceps purpurea, a fungus 
growth which develops on rye plants. It contains several al¬ 
kaloids such as ergotoxine, ergotamine and ergotinine. The 
U.S.P. standard requires that each gram be equivalent by 
biological assay to not less than 0.5 mg. of ergotoxine ethane- 
sulfonate. Not more than 8 per cent of moisture nor more than 
4 per cent of seeds, fruit and foreign organic matter are per¬ 
mitted. The product is cultivated and imported from Russia, 
Poland and Spain, and quoted by the U.S.P. standard. It is 
used in medicine as a parturient, emmenagogue, excitomotor, 
hemostat and echolic. A dry extract, prepared in vacuo, is also 
available. 

Cannabis or Indian hemp consists of the dried flowering 
tops of the pistillate plants of an herb. Cannabis sativa, from 
which the resin has not been removed. The U.S.P. standard 
requires not more than 10 per cent of fruits, large foliage leaves, 
and stems over 3 mm. in diameter, not more than 2 per cent of 
other foreign organic matter, and not more than 5 per cent of 
acid-insoluble ash. The plant is grown in Persia. India, Europe 
and the United States and contains an alkaloid. Uses are as 
an anodyne, nervine, sudorific, aphrodisiac, hypnotic and diur¬ 
etic. It is used by some drug addicts for smoking in cigarettes, 
and therefore controlled by the same type of laws as cover other 
habit-forming drugs. 

Henbane, or hyoscyamus is the dried leaf with or without 
the tops, of Hyoscyanius ni(jer, which grows in Europe, Asia and 
the United States. The U.S.P. standard permits not more than 
25 per cent of stems no more than 7 mm. in thickness, not more 
than 12 per cent of acid-insgluble ash, and not less than 0.04 per 
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cent of alkaloids. In U.S.P. X the requirement was 0.065 per 
cent of alkaloids. A powdered extract, prepared m vacuo, is 
available. The seeds may be used, but are not official. Among 
the alkaloids are hyoscine or scopalamine, and hyoscyanine, 
along with choline, mucilage, etc., which are much higher in the 
seeds than in the plant. Uses are as an anodyne, hypnotic, my¬ 
driatic, narcotic, antispasmodic and laxative. 

Serpentaria, snakeroot or birthwort consists of the dried 
rhizomes and roots of varieties of Aristolochia serpentaria, 
known in commerce as Virginia snakeroot or Texas snakeroot. 
The U.S.P. standard does not permit over 10 per cent of the 
overground stems nor more than 2 per cent of other foreign 
organic matter, and not more than 10 per cent of acid-insoluble 
ash. Serpentaria contains about 1 per cent of volatile oil with 
resin and tannin. Uses are as aphrodisiac, stimulant, anti- 
periodic, expectorant, tonic, diaphoretic, diuretic and emmena- 
gogue. 

Gentian or bitter root consists of the dried rhizomes and 
roots of the yellow gentian, Genticna lutea. It is U.S.P. and 
contains not less than 30 per cent of water-soluble extractive, 
not more than 10 per cent of moisture and not more than 2 per 
cent of foreign organic matter. The U.S.P. standard covers 
both the unground and powdered grades. It is also sold as a 
ground rather than as a powdered grade. A powdered extract, 
prepared m vacuo, is available. Aside from use in the manufac¬ 
ture of liquors it is a pharmaceutical excipient, tonic and 
laxative. 

Rhubarb or rheum consists of the dried rhizomes and roots 
of Rheum officinale, which grows in China and Tibet. It is cul¬ 
tivated in Europe and Siberia. The U.S.P. product requires not 
less than 30 per cent of dilute alcohol-soluble extractive. The 
powdered product is used in medicine as a cathartic, astringent, 
stomachic and tonic. A dry U.S.P. extract, prepared in vacuo, 
is available. 

Valerian root consists of the dried rhizomes and roots of 
Valeriana officinalis. It grows in Europe, northern Asia and 
eastern United States. The U.S.P. product requires not more 
than 5 per cent of foreign organic matter and not more than 
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10 per cent of acid-insoluble ash. A powdered extract, pre¬ 
pared in vacuo, is also available. Valerian root acts as an anti- 
spasmodic, anodyne, nervine and stimulant. 

Althea root or marshmallow root is the dried root of the 
marshmallow, Althea officinalis, deprived of the rootlets and of 
the brown, corky layer. It must not contain more than 1 per 
cent of foreign organic matter according to the U.S.P. stand¬ 
ard. It grows in Europe, northwest Asia and the eastern 
United States, and contains asparagin, about 30 per cent of 
mucilaginous materials, starch, pectin and sugar. Commer¬ 
cially it is offered cut in cubes. It is used medically as a demul¬ 
cent and emollient. Althea leaves or marshmallow leaves are 
also sometimes so used but are not U.S.P. 

Mandrake root or may apple consists of the dried rhizomes 
of Podophyllum pcUatum. It is a U.S.P. product containing 
not less than 4 per cent of podophyllum resin and not more than 
3 ])cr cent of foreign organic matter. Both unground and 
ground forms are specified. The plant grows in North Amer¬ 
ica. It is used as a tonic, purgative, alterative, hydragogue and 
cholagogue. A dry extract, prepared in vacuo, is also avail¬ 
able. Indian mandrake is a British Pharmacopoeia product 
used as a purgative. 

Jalap root is the dried tuberous root of Exogonium jalapa 
from a plant growing in Mexico and cultivated in India. Sup¬ 
plies are largely from Mexico. U.S.P. X requires not less than 
7 per cent of resins. B.P. requires not less than 9 nor more 
than 11 per cent of resins. The root contains up to 20 per cent 
of resins, with starch and sugar. It is quoted as a powder and 
in NF grades, for use as a strong purgative, diuretic and anthel¬ 
mintic. A powdered extract, prepared in z^cuOy is also avail¬ 
able. 

Colocynth pulp is the dried pulp of the unripe but fully 
grown fruit of a Mediterranean vine, Citrullus colocynthis, also 
known as bitter apple. U.S.P. X permits not more than 5 per 
cent of seed nor 2 per cent of epicarp. Not more than 2 per cent 
should be soluble in purified petroleum benzene and not more 
than 6 per cent of acid-insoluble ash is permitted. It is used 
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as a purgative, emmenogoguc and diuretic. A dry extract, 
prepared in vacuo, is also sold. 

Senna consists of the dried leaflets of Cassia augustifolia, 
which grows in eastern Africa and western Asia. The U.S.P. 
requires that it contain not more than 8 per cent of stems, nor 
more than 2 per cent of pods or other foreign organic matter. 
The acid-insoluble ash must not exceed 3 per cent. The Alex¬ 
andria and Tinnevelly grades are quoted as numbers 1, 2, 3, 
powdered and siftings. Senna pods are also sold. The various 
forms are used as a purgative. Dried extracts, prepared in vacuo 
of both leaves and pods are available. 

Goldenseal root consists of the dried rhizomes and adventi¬ 
tious roots of Hydrastis canadensis, a North American shrub 
cultivated on a large scale. It was required by U.S.P. X to 
contain not less than 2.5 per cent of ether-soluble alkaloids. 
Goldenseal root contains 1.5-3.2 per cent of hydrastine, about 
3 per cent of berberine, together with canadine, volatile oil and 
resins. Beside the U.S.P. root, a powdered extract, a solid ex¬ 
tract and a concentrate, prepared in vacuo, are available. 
Goldenseal is used as an alterative, antihydrotic, bitter tonic, 
hymostatic in uterine hemorrhages, antiperiodic, cholagogue 
and astringent, and as a source of hydrastine and berberine. It 
is sometimes called hydrastis root, also yello'wroot ; the latter 
is correctly the root of Zanthorrhica opiijolia, also a North 
American shrub. 

Scammony root is the dried root of Convolvulus Scamnionia, 
a vine native to Asia Minor. It is used in medicine as a strong 
cathartic, hydragogue and cholagogue. The vine grows in 
Greece, Asia Minor and Northern Africa. In U.S.P. IX it 
was required to contain 8 per cent of resin. 

Cascara sagrada bark is the dried bark of Rhamniis purs- 
cliiana, a California buckthorn. The U.S.P. standard requires 
not more than 4 per cent of foreign organic matter, and that it 
be aged one year after collection, to reduce the griping action. 
It grows in the northwestern United States and contains emo- 
din, frangulin, oils, resins and tannins. Cascara is used as a 
cathartic and rheumatic. A dried extract, prepared in vacuo, is 
available in powdered form, granular, as a bitter solid, a bitter- 
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less solid, and an aromatic solid. Cascara sagrada berries are 
similarly used hut are not U.S.P. 

Elm bark is the dried inner bark of IJlmus juha, the slippery 
elm tree which grows in North America. It contains largely 
gums, with little tannin. It was a U.S.P. X product. Grades 
sold are grinding, powdered and select bundles. It is used in 
medicine as a demulcent and nutrient. 

Buchu leaves are obtained from a South African plant, sev¬ 
eral varieties of Darosina being used. According to U.S.P. X 
this must not contain more than 8 per cent of stems nor more 
than 2 per cent of other foreign organic matter. They contain 
1.3-2 per cent of volatile oil along with barosma camphor, 
resins, etc., and are a stimulant, tonic, diaphoretic and diuretic. 
A dried extract, prepared in vacuo, is available. 

Eucalyptus leaves are the dried scythe-shaped leaves of 
Eucalyptus globulus, a tree which grows in Australia and sub¬ 
tropical countries. According to U.S.P. X not more than 3 per 
cent of stems, fruits or other foreign organic matter are per¬ 
mitted. About 1-3 per cent of volatile oil is present with tan¬ 
nins, resins, etc. The leaves are used as an astringent, ex¬ 
pectorant, antipyretic, antiseptic, antispasmodic, febrifuge, 
stimulant, tonic and hemostatic. The fresh leaves arc distilled 
to produce oil of eucalyptus, which is a U.S.P. product. 

Lobelia or Indian tobacco consists of the dried leaves and 
tops of a North American plant. Lobelia inflata. According to 
U.S.P. X they contain not more than 10 per cent of stems nor 
more than 2 per cent of other foreign organic matter, and yield 
not more than 5 per cent of acid-insoluble ash. A dried extract, 
])repared in vacuo, is also available. Lobelia is a narcotic, 
purgative, diuretic, diaphoretic, expectorant, nervine, emetic 
and antispasmodic. Lobelia seed is sold for similar use. 

Uva ursi leaves or bearberry leaves are obtained from a 
plant, Arctostaphylos uva ursi, which grows in the north tem¬ 
perate zone. U.S.P. X permits not more than 5 per cent of 
stems or other foreign organic matter. The leaves contain 
bitter glucosides, arbutin, quercitin, organic acids, etc., along 
with resins and 6-7 per cent of tannin. They serve as emmena- 
gogue, emetic^ cathartic; autiJithic, diuretic, nephritic and tonic. 
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Prince’s pine herb or ground holly consists of the dried leaves 
of Chimapiiila umbellata, which grows throughout the northern 
hemisphere, and is a diuretic, tonic, astringent, nephritic and 
rubefacient. It is similar in many ways to Uva ursi. 

Yerba santa leaves are the dried leaves of Eriodictyon cali- 
fornicum. The U.S.P. standard requires not more than 5 per 
cent of stems nor more than 2 per cent of other foreign organic 
matter. A solid extract, prepared in vacuo, is also available. 
The leaves come from California and are used as expectorant, 
tonic, stimulant, anticatarrhal and alterative. 

Pellitory root or pyrethrum root is obtained from Anacyclus 
pyretliriitn, native to North Africa. It contains about SO per 
cent of inulin, together with volatile oil and pyrethrins. The 
root is used in medicine as a sialagogue and masticatory in 
headache, toothache and neuralgic affections of the face. 

Berberis root or barberry root is obtained from the shrub 
of the genus Mahonia, which grows in the United States and 
Canada. It contains berberin, oxycanthine and berbamine and 
is used in medicine as a tonic, antiperiodic, febrifuge, alterative 
and diuretic. A powdered extract, prepared in vacuo, is avail¬ 
able. 

Beth root or trillium root is the dried root of various species 
of Trillium ercctum, growing in Canada, the United States and 
Japan. It is used as an astringent, tonic, alterative and ex¬ 
pectorant. 

Black Indian hemp root, Canadian hemproot, or apocynum 
root is obtained from a plant, Apocynum cannabinum, which 
grows in North America. It is used as a diuretic, sudorific, dia¬ 
phoretic, alterative, antiperiodic, expectorant and tonic, in 
some cases following administration of digitalis. A solid ex¬ 
tract, prepared in vacuo, is available. 

Bloodroot or Sanguinaria consists of the dried roots and 
rhizomes of a plant, Sanguinaria canadensis, which grows in 
North America. The ground root is used as an expectorant, 
stimulant, emetic, sternative, emmenagogue and tonic. A solid 
extract, prepared in vacuo, is available. 

Blueflag root, flag lily, iris, or water flag is the dried rhizome 
of varieties of Iris versicolor, growing in North America. It is 
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used as a cathartic, diuretic, emetic, alterative and cholagogue. 
A powdered extract, prepared in vacuo, is available. 

Bryonia is the dried root of various varieties of Bryonia alba. 
Alkaloid and resin are present. Medically it is a vesicant, 
emetic, emmenagogue and purgative. 

Burdock or lappa is the dried first-year root of the common 
burdock, Arctium lappa, growing in Europe, Asia and North 
America. It contains inulin, tannin and volatile oil and is used 
as an alterative, diuretic, aperient, diaphoretic and cathartic. 
Burdock is applied externally to swellings and burns. A pow¬ 
dered extract, prepared in vacuo, is available. Burdock seed 
and burdock herb are also used similarly. 

Cohosh, cimicifuga, bugroot or black snake root consists of 
the rhizomes and roots obtained from several North American 
plants and is sold as black from Cimifuga racemosa, and blue 
from Caulophyllum thalictroides. It is used in medicine as an 
emmenagogue, expectorant, diaphoretic, antispasmodic, diur¬ 
etic and sedative. 

Columbo root, calumba root or Colombo root, is obtained 
from an East African plant, Jateorrhica salmata, and is used in 
medicine as a tonic, stomachic, astringent, stimulant and an¬ 
thelmintic. A powdered extract, prepared in vacuo, is available. 

Cranesbill or geranium is the dried rhizome of Geranium 
viaculatum, grown in Canada and the eastern United States. 
It is high in tannin and serves as a styptic and astringent. 

Dandelion or taraxacum consists of the dried rhizomes and 
roots of the common dandelion of Europe and America, Leon- 
todon taraxacum. It is used in medicine as a diuretic, stomachic 
hepatic stimulant and tonic. The German roots are quoted. A 
dry extract prepared in vacuo is available. 

Culver’s root, black root or Leptandra consists of the dried 
rhizomes and roots of Leptandra xnrginica, common in North 
America. It is used in medicine as a cathartic, emetic, altera¬ 
tive, tonic and cholagogue. A dried extract and a concen¬ 
trate, both prepared in vacuo, are available. 

Doggrass root or triticum consists of the dried rhizomes and 
roots of Agropyron re pens, gathered in the spring. It grows in 
Europe, northern Asia and the United States and is used as an 
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aperient and diuretic. A dried extract, prepared in vacuo, is 
available. 

Echinacea root consists of the dried rhizomes and roots of a 
North American herb, Brauneria pallida or Brauneria augusti- 
folia, members of the thistle family. It is used externally for 
the treatment of. boils and ulcers, and contains an acrid resin. 
Its action is as a febrifuge, antiseptic, analgesic, alterative and 
aphrodisiac. A powdered extract, prepared in vacuo, is avail¬ 
able. 

Elecampane, inula or scabroot, consists of the dried 
rhizomes and roots of an herb, hiula hclcnium, grown in the 
United States, Europe and Central Asia. It is used in medicine 
as a tonic, stimulant, expectorant, diaphoretic, diuretic and 
emmenagogue. 

Galangal root, colic root, or Chinese ginger consists of the 
dried rhizomes of a Chinese plant, Alpinia officinarum, and is 
used in medicine as an aromatic, stimulant and stomachic. 

Gelsemium or wild woodbine is the dried rhizomes and roots 
of the yellow jasmine, Gelsemium sempcrvirens, grown in the 
southern United States. It is used as a sedative, mydriatic, 
antispasmodic, diaphoretic, antineuralgic and antiperiodic. A 
solid extract, prepared in vacuo, is availalde. 

Ginseng or panax is the aromatic root of Panax quinqucjol- 
ium, a North American herb, or Panax schinscng, a Chinese 
herb. It-is used mostly by the Chinese as a panacea for many 
diseases and is a stimulant, aphrodisiac, nervine and tonic. 

Hydrangea root consists of the dried rhizomes and roots of 
the Hydrangea arborescens grown in the eastern United States. 
It contains saponins, with oils, starches and resins, and is used 
as a diuretic and antilithic. A powdered extract, prepared in vacuo, 
is available. 

Kava, kava kava, ava-ava or kawa consists of the dried 
rhizomes and roots of Piper methysticum, a Polynesian shrub. 
It contains an alkaloid, kavaine, and is used as a diuretic, geni¬ 
tourinary, antiseptic, sialagogue, sudorific, tonic, stimulant and 
anticatarrhal, and as a source of kava kava oleoresin. A dry 
extract of the root, prepared in vacuo, is available. 
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Lovage root or sea parsley root is from Levisticum officinale, 
grown in southern Europe and the United States. Both domes¬ 
tic and imported grades are sold. It is used in medicine as an 
aromatic stimulant, in amenorrhea and as a diuretic. A solid 
extract, prepared in vacuo, is available. 

Lady slipper or American valerian consists of the dried 
rhizomes and roots of Cypripedia found in central and eastern 
North America. It is used as an antispasmodic, stimulant, 
nervine and analgesic. 

Manaca root, vegetable mercury or manacan is the dried 
root of Brunfelsia Jiopcana, which grows in Brazil and the West 
Indies. It contains an alkaloid, manacine. Medically it is a 
diuretic, cathartic, antisyphilitic, antiscrofular, alterative and 
antirheumatic. A solid extract, prepared in vacuo, is available. 

Musk root, or sumbul consists of the dried rhizomes and 
roots of Ferida sumbul, found in central Asia and the East 
Indies. It is used as a carminative, nervine, stimulant, anti¬ 
spasmodic and tonic. A solid extract, prepared in vacuo, is avail¬ 
able. 

Pareira or pareira brava root is the dried root of Chondro- 
dcndron tomentosuni, a variety of South American vine. It con¬ 
tains about 10 per cent of pelosine, and is used in medicine as 
a diuretic, emmenagogue, aperient and febrifuge. A powdered 
extract, prepared in vacuo, is available. 

Pinkroot or spigelia consists of the dried rhizomes and roots 
of Spigelia marilandica, which grows in eastern North America. 
It contains the alkaloid spigeline, and is used in medicine as an 
anthelmintic, mydriatic and narcotic. 

Pleurisy root or asclepias is the dried root of the butterfly 
weed, Asclepias tuberosa. It grows in the northern United States 
and southern Canada. The root is used as a diaphoretic, cathar¬ 
tic and expectorant. 

Poke root is the dried root of Phytolacca americana, growing 
in temperate climates of North America and Europe. It is used 
as an alterative, emetic, purgative and cathartic. A solid ex¬ 
tract and a concentrate, both prepared in vacuo, are available. 

Rhatany root or Krameria is the dried root of the Peru 
rhatany, Krameria triandra, or Brazilian rhatany, Krameria or gen- 
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tea. It was a U.S.P. product. The tannic acid content is over 8 per 
cent and it possesses astringent properties similar to those of 
tannic acid. It is used as an astringent and tonic. A solid 
extract, prepared in vacuo, is available. 

Senega root or Seneca snakeroot is the dried root of Polygala 
senega. It grows in eastern North America and contains an 
irritating saponin. Senega root is used in medicine as an e5c:- 
pectorant, diuretic, alterative, sedative and diaphoretic. A 
powdered extract, prepared in vacuo, is available. 

Asarum, Canada snakeroot or wild ginger consists of the 
dried rhizomes and roots of Asarum canadense, a plant grown 
in Canada, North Carolina and Kansas. It contains acrid resin, 
aromatic volatile oil, methyl eugenol, gum, chlorophyll, etc. It 
is used in medicine as an aromatic, stimulant and diaphoretic. 

Skunk cabbage root is the dried root of an herb, Symplocarpus 
foetidus, which grows in North America and Asia. It is used in 
medicine as a stimulant, antispasmodic and narcotic. 

Stillingia or queens root is the dried root from Stillingia syl- 
vatica of the southeastern United States. It may contain an 
alkaloid, stillingine, along with acid resin, fixed oil, starch, glu- 
cosides, tannin, gum and 3-4 per cent of volatile oil. Uses are 
as sialagogue, diaphoretic, cholagogue, diuretic, alterative, anti- 
syphilitic, expectorant, antiscrofular and emetic. A powdered ex¬ 
tract, prepared in vacuo, is available. 

Spikenard or aralia consists of the dried rhizomes and roots 
of Aralia racemoscc, grown in the eastern United States. It is 
used as a diaphoretic, alterative and stimulant. 

Stoneroot or collinsonia is the root of Collinsonia canadensis 
growing in eastern North America. It is used in medicine as 
a tonic, diuretic, diaphoretic, antispasmodic, astringent and 
anticatarrhal agent. 

Unicorn root, colic root or Aletris is the dried rhizomes and 
roots of Aletris jarinosa. It grows in the eastern United States 
and consists principally of starch and a bitter principle. It is 
used as a tonic, diuretic, laxative, emetic and vermifuge. 
This is referred to as true unicorn root and helonias from 
Chamaelirium luteum, as false unicorn root. The latter is used 
for the same purposes. Curiously enough the false is twice as 
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expensive as the true. A powdered extract of helonius root, 
prepared in vacuo, is available. 

Wild indigo, false indigo or baptisia is the root of Baptism 
tinctoria, native to North America. The roots contain an alka¬ 
loid and at least two glucosides. It is used as an antiseptic, 
astringent and cathartic. A powdered extract, prepared in vacuo, 
is available. 

Yellow dock or rumex is the dried root of Runiex crispus, na¬ 
tive to the United States and Europe. The root contains emo- 
din and tannins and is used in medicine for its astringent, tonic, 
laxative and alterative properties. A solid extract, prepared 
in vacuo is available. 

Dogwood bark is the bark of the root of the white dogwood, 

Piscidia Erytlirina, growing in the West Indies as Ichthyoinethia 
Pisciptda and in Florida as Piscidia erythrina. Domestic and 
Jamaica grades are quoted. The bark contains a glucoside and 
is used in medicine as alterative, sedative, anodyne, diuretic, 
hypnotic and narcotic. It is one of the fish poisons, containing 
piscidin instead of rotenone. 

Angostura bark is the bark of Cusparia trifoliata and related 
species of trees which grow in the northern part of South 
America and the West Indies. The bark contains about one 
per cent of ethereal oil, a glucoside, resin, etc. It is used in 
medicine as a stimulant, tonic, febrifuge, emetic and cathartic. 

Black-haw root bark is obtained from Viburnum prunifolium, 
the virburnum shrub. Black-haw tree bark and black-haw roots 
are also sold. They grow in the United States and contain 
various tannins and resins. They are used as a nervine, tonic 
and sedative. A powdered extract, prepared in vacuo, is sold. 

Frangula, black dogwood or buckthorn bark is from 
Rhamnus frangula, a thorny shrub which grows in Europe, west¬ 
ern Asia and northern Africa. The British Pharmacopoeia re¬ 
quires that it be matured at least one year. Among other things 
it contains emodin, resins and tannins. It is a tonic, cathartic 
and diuretic. A solid extract, prepared in vacuo, is available. 
Buckthorn berries are the dried ripe berries of Rhamnus caihar- 
tica and contain similar principles in a much more concentrated 
form. 
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Butternut bark is the dried inner bark of the root of the but¬ 
ternut tree, Juglans cinerca, and is collected in the autumn. It 
grows in North America and contains resins, juglone, tannins 
and fixed volatile oils. Uses are as an antiperiodic, alterative, 
hepatic and a mild cathartic. 

Condurango bark is the dried bark of Marsdcnia condurango, 
a vine growing in Ecuador and Peru, It contains a poisonous 
glucoside and a trace of alkaloid. It is used for the relief of 
various types of ulcer. A dried extract, prepared in vacuo, is 
available. 

Cramp bark is the dried bark of Viburnum opulits, the high 
bush cranberry. Grades sold are '‘genuine” and “so-called” 
cramp bark, the latter at a much lower price, from Acer spicatum. 
The barks contain oxalates, citrates and malates as well as 
tannin, sugar and resin, and are used as a tonic, diuretic, astrin¬ 
gent, antispasmodic and nervine. Solid extracts of both barks, 
prepared in vacuo, are available. 

Cottonroot bark or gossipium bark is the dried root bark of 
cultivated varieties of Gossypium herbaccum, or cotton. Cotton 
is grown in many parts of the world. The bark contains yellow 
color, resin, fixed oil and sugar. It is an emmenagogue and 
oxytocic. A solid extract, prepared in vacuo, is available. 

Fringetree bark is the dried root bark of Chionanthus virginica, 
a tree which grows in the southern part of the United States. 
It contains a glucoside and traces of saponins and is used as 
laxative and diuretic. A solid extract and a concentrate, both 
prepared in vaeuo, are available. 

Pomegranate bark is obtained from the stem of a plant, 
Punica granatum, growing in semitropical countries. It contains 
0.5-1 per cent of alkaloids and is used as an astringent, teniafuge 
and anthelmintic. 

Prickly ash bark is the dried bark of varieties of Xanthoxylum 
americanmn, or angelica tree. It grows in North America and 
contains xanthoxylin, which is probably an alkaloid. It is 
used in medicine as a counter-irritant, stimulant, alterative and 
emmenagogue, and as a source of the active principle xanthoxy- 
lin. A dried extract, prepared in vacuo, is available. Prickly 
ash berries are also sold for similar use. 
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Simaruba bark is obtained from a tropical American tree, 
Siniariiba amar, and is used in medicine as a bitter tonic and 
astringent. 

Tonga vine is a mixture of about equal parts of the bark of 
Premna arborea and the root of Epipremnum pinnatuin. It comes 
from Malasia and Australia and contains an alkaloid tongine. 
It is used as an analgesic in neuralgia. The NF grade is quoted. 

Wahoo-root bark is obtained from various shrubs of the 
genus Euonymus atropurpureus, growing in the eastern part of 
the United States. Among the ingredients are a resinoid, 
euonymin, organic acids, etc. It is used in medicine as a tonic, 
cathartic, diuretic, expectorant, cholagogue, antiperiodic and 
antiparasitic. A solid concentrate, prepared in vacuo, is available. 
Wahoo-tree bark is similarly used and is less expensive but 
lower in active materials. 

White-pine bark is the inner bark of the white pine, 
Finns strobus, growing in the eastern part of North America. It 
is sold as a grade having the rough outer bark removed, called 
rossed, and is used in making cough sirups. A dried extract, 
prepared in vacuo, is available. 

Catnip, catnep or catmint is an herb, the common, strongly 
scented catnip shrub, Ncpcta cataria. It grows in Asia, Europe 
and the United States and contains volatile oil and tannin. It 
is used as a sedative, emmenagogue and carminative. A solid 
extract, prepared in vacuo, is available. 

Coltsfoot or coughwort consists of the dried leaves of 
Tussilago jarfara, growing in the United States, Europe and Asia. 
[The dried flowers are also used. The leaves contain saponin, 
wax and rubber with pectin, glucosides and tannins. The 
flowers contain the last three. It is a demulcent, tonic, errhine 
and emollient. A solid extract, prej^ared in vacuo from the leaves 
is available. 

Damiana leaves are the dried leaves of two varieties of 
Turnera, which grow in tropical America, California and Texas. 
They are used in medicine as a stimulant, tonic, aphrodisiac and 
diuretic. A powdered extract, prepared in vacuo, is available. 

Liverwort leaves consist of the entire Hepafica plant, which 
grows in Europe. The product is used as an astringent and 
tonic, containing mainly tannins and oleoresin. 
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Matico leaves consist of the dried leaves of Piper angustijolium, 
vv^hich grows in South America, Mexico and Cuba. They con¬ 
tain 1-3.5 per cent of volatile oil, with tannins, gums, etc. The 
leaves are used in medicine as an aromatic, stimulant, alterative, 
hemostatic, anticatarrhal, astringent and tonic. 

Mullein flowers are the dried corollas with adhering stamens 
obtained from varieties of Verbascum thapsis, growing in Europe 
and Asia. The action is as diuretic, anodyne, antispasmodic, 
demulcent, diaphoretic and antiperiodic. Mullein leaves are 
similarly derived and used. A solid extract of the leaves, pre¬ 
pared in vacuo, is available. 

Pichi leaves are obtained from Fabiana imbricata, growing in 
Chile and Peru. The branches and wood are similar. They are 
used as anticatarrhal, cholagogue and diuretic. A powdered 
extract, prepared in vacuo, is available. 

Queen of the meadow, trumpet weed or purple boneset con¬ 
sists of the dried leaves and flowering tops of a native plant 
Eupatorium purpureum. The product is used in medicine as a 
bitter tonic, diaphoretic, and feeble emetic. Queen-of-the- 
meadow root, Filipendula ulmaria, is similarly used. A dried 
extract of the root, prepared in vacuo, is available. 

Squaw vine or checkerberry consists of the dried vine or the 
dried leaves of the North American or Japanese Mitchella re pens. 
The product is used as diuretic, astringent and tonic. A dried 
extract, prepared in vacuo, is available. 

St. John’s wort is a dark brown mixture of dried leaves and 
twigs obtained from a plant of the genus Hypericum. It grows 
in Europe, Asia and the United States. The main ingredients 
are tannins, pigment and volatile oil. It is used as a stimulant 
and diuretic. 

Tansy leaves or tanzy leaves are the dried leaves and tops 
of Tanacetum vulgare growing in Europe, Asia and North Amer¬ 
ica. They contain organic acids, resin, tannin, gum, etc. The 
leaves are used as an emmenagogue, anthelmintic, tonic, stimu¬ 
lant, diuretic, diaphoretic and abortifacient. 

Cumin seed is obtained from the dwarf plant, Cuminum cy- 
minum, native to Egypt, Syria and nearby countries. Some 
3-4 per cent of volatile oils are present. Cumin seed is imported 
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from Algeria, Morocco and India. The aromatic seed is used 
in flavoring materials, and as a stimulant and carminative. 

Gold-of-pleasure seeds are the dried seeds of Camelina sativa, 
an herb growing naturally in Europe and naturalized in North 
America. They are used medicinally. 

Guarana or Brazilian cocoa is a dried powder consisting of 
the crushed seeds of a Brazilian climbing shrub, Pmlinia cupana. 
The powder contains 2.5-5 per cent of caffeine and is used in 
medicine as an astringent, stimulant, tonic, nervine and anti- 
neuralgic. Guarana paste is also sometimes sold. 

Larkspur seed is the dried ripe seed of Delphinium ajacis, 
which grows in Central Europe and the United States. It is a 
diuretic, anthelmintic, emmenagogue and aperient. 

Cubeb berries or Java pepper berries are the dried unripe, 
but nearly fully grown, fruit of a Javanese shrub. Piper cubeba, 
cultivated in the West Indies and Ceylon. The berries contain 
10-20 per cent of volatile oils, with resin, fat, etc., and about 
20 per cent of oleoresin. The whole and ground berries are sold. 
The latter are used in the treatment of catarrh and as an aro¬ 
matic stimulant, local irritant, diuretic, carminative and seda¬ 
tive. A solid extract, prepared in vacuo, is available. 

Laurel berries or bay berries are the ripe fruit of a shrub, 
Laurus nobilis, grown in Mexico and along the Mediterranean. 
They contain some 30 per cent of oil, largely nonvolatile. The 
source is largely Italian. Medically they are a stomachic. In¬ 
dustrially they are the source of an oil used as an odorant, but 
this is not the bayberry oil or oil of bay of commerce, which is 
from other sources. Laurel leaves from the same sources are 
also sold and are used similarly. 

Ephedra is usually the leaves and branches of Ma huang or 
Ephedra vulgaris, grown in Japan, China and India. Ephedra 
nevadensis is of the same genus. The product is the source of 
ephedrine, an alkaloid, and also serves as an astringent. A solid 
extract, prepared in vacuo, is available. 

Kola nuts or Soudan coffee are the dried seeds of various 
varieties of Cola, growing in Africa, India and other tropical 
areas. They contain 2-2.5 per cent of caffeine with theobro¬ 
mine, glucosides, gum, starch, etc. They are used as an astrin- 
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gent, aphrodisiac, diuretic, nervine, tonic and stimulant. A 
solid extract, prepared in vacuo, is available. 

Coco leaves are the dried leaves of various varieties of 
Erythroxylon, particularly those known commercially as Huanaco 
coco and Truxillo coco. They grow in various countries on the 
west coast of South America, and in Java. The leaves contain 
substantial amounts of alkaloids, often one per cent of cocaine, 
and 0.5 per cent of others. While they are used as a tonic, ano¬ 
dyne, diaphoretic, etc., the major importance is as a source of 
alkaloids. 

Bayberry bark is the dried root bark of a shrub. Myrica ccri- 
jera, which grows in the eastern United States. It contains resins, 
gums, starch, etc. Medically it is used as an astringent, altera¬ 
tive, and cholagogue. The same shrub yields bayberry wax 
from the berries. 

Saw-palmetto berries are the dried ripe fruit of the common 
stemless palm, Screnoa scrrulaia, which grows in the southern 
part of the United States. The berries are high in fixed and 
volatile oils. They are a diuretic, sedative, ai)hrodisiac and pec¬ 
toral, and a source of saw-palmetto oleoresin. A solid extract 
of the berries, prepared in vacuo, is available. 

Areca nuts or betel nuts grow on a species of palm, 
Arcca catechu, native in eastern tropical Asia. The nuts contain 
alkaloids in addition to tannins and fats. They arc sold whole 
or ground, and used as a teniacide, masticatory and mild 
astringent. In veterinary medicine they are used as a laxative. 

Tamarind is the partially dried fruit of Tamarindus indica, 
preserved in sugar or syrup. The tamarind grows in Africa and 
the East and West Indies. It is imported from the West In¬ 
dies. It contains about 10 per cent of tartaric acid and about 
8 per cent of potassium bitartrate with sugar, pectin, etc., and 
is used in medicine as a laxative and refrigerant. 

Fishberries or cocculus are the dried fruit of an East Indian 
plant, Anamirta cocculus. They contain about SO per cent of fat 
and are a sedative and nervine. Industrially they are used as 
an insecticide. They have been used to arrest fermentation of 
alcoholic beverages but this use is obsolete. The berries are 
also used as a fish poison. 



NATURAL PLANT PRODUCTS 


385 


Cassia fistula or cassia pods are the dried ripe fruit of the 
tropical drumstick tree. This grows in upper Egypt and in 
India, and is cultivated in tropical Africa and America. The 
pods contain a high percentage of sugar, with gums, tannins 
and hydroxymethyl anthraquinone. This material is not to be 
confused with cassia, but is used as a laxative. Cassia pulp as 
marketed is from cassia fistula pods. 

Arnica flowers are the dried flower heads of Arnica montana 
growing throughout the northern hemisphere. They contain 
up to 1 per cent of volatile oil, and are a tonic, stimulant, vul- 
neric, febrifuge, diuretic, sternutatory, emmenagogue, nervine 
and rubefacient. A solid extract, prepared in vacuo, is available. 
Arnica roots are from the same source and are used as an anti- 
sej)tic, alterative, tonic and antipyretic. 

Borage flowers are the dried flowers of Borago officinalis 
grown in the Levant, Germany and the United States. They 
contain potassium nitrate, along with gums and resins and are 
a diuretic, demulcent and emollient. Borage leaves have some¬ 
what similar properties. The fresh leaves are a salad green. 

Calendula flowers are the dried flowers of the marigold fam- 
iiy. Calendula officinalis. They are a vulneric, alterative, resolv- 
ant, stimulant and diaphoretic. A dried extract, prepared in vacuo 
is available. 

Chamomile flowers are the dried flowers of Anthcmis nobilis, 
a plant which grows in temperate climates. They contain up to 
one per cent of volatile oil along with bitter glucoside and other 
ingredients. Grades sold are Hungarian and Roman. They are 
used as a carminative, emmenagogue, emetic, stimulant, tonic, 
diaphoretic and antispasmodic. A solid extract, prepared in •'vacuo 
is available. 

Elder flowers are the dried flowers of the elder shrub, 
Sambucus canadensis. They contain volatile oil, resin, etc. 
Grades are bright and dark. The flowers are used as a carmina¬ 
tive, stimulant, sudorific, diaphoretic and diuretic. A powdered 
extract, prepared in vacuo, is available. Elder leaves are used 
for the preparation of ointments. 

Linden flowers are the dried flowers of the linden tree, 
Tilia platyphylla and Tilia sylvestris. They are a stimulant. 
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diaphoretic, antispasniodic and tonic. Linden flowers with 
leaves are similarly derived and used. 

Malva flowers are the dried flowers of the Eurasian mallow 
plant, Mahxtceae syhcstris or Malvaceae rotmidifolia. Blue and 
black flowers are sold as well as dried malva leaves. They are 
used in medicine as a demulcent and emollient. 

Safflower or carthamus consists of the flowers of a variety of 
saffron, Carthamus tinctorius. It grows in the Mediterranean 
region and in the United States. It is used as an emmenagogue, 
diaphoretic and astringent. 

Grindelia robusta or gum plant consists of the dried leaves 
and flowering tops of an herb growing in the southwestern part 
of the United States. It contains 20 per cent of resins. Uses 
are as expectorant, stomachic, diuretic, tonic, antispasniodic 
and sedative. 

Passion-flower herb is the dried flowering and fruiting tops 
of Passiflora uicartmta, a plant which grows in the southern part 
of the United States. It contains a small amount of alkaloid 
and is used as a nerve sedative and narcotic. A powdered ex¬ 
tract, prepared in vacuo, is available. 

Pulsatilla, meadow anemone or windflower is the dried herb 
of Pulsatilla vulgaris, native to temperate regions of Europe 
and Asia. It is a mydriatic, sedative, anodyne, diaphoretic, em¬ 
menagogue, diuretic, emetic, expectorant and vesicant. A solid 
extract, prepared in vacuo, is available. 

Rue is a strong-scented European herb, Ruta gravcolens. It 
is a stimulant, rubefacient, abortifacient, emmenagogue and 
nervine. 

Broom or broomtop consists of the dried tops of the common 
broom plant, Cytisus scoparius. The seeds or flowers are also used. 
In varying amounts, the product is an emetic, tonic, narcotic, 
cathartic and diuretic. A solid extract, prepared in vacuo, is 
available. 

Clover tops are the dried tops of Trifolium pratensc growing 
in the northern hemisphere. They contain resins and tannin 
and are used as alterative and sedative. A powdered extract, 
prepared in vacuo, is available. 
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Cornsilk or zea is the dried styles and stigmas, or silk, of the 
ear of ordinary Indian corn, Zca mays. It is used in medicine 
as a diuretic, demulcent and alterative. A solid extract, pre¬ 
pared in vacuo, is available. 

Euphorbia or snakeweed is the dried herb of Euphorbia hirta, 
widely distributed in tropical countries. It contains a glucoside 
and resins and is used as a diuretic, expectorant and antiasth¬ 
matic. 

Skullcap or scullcap is the dried overground portions of 
Scutellaria lateriflora. It grows in North America and is sold 
as Eastern and Western. It is used in medicine as a tonic, seda¬ 
tive and antispasmodic. A solid extract, prepared in vacuo, is 
available. 

Lupulin is the resinous powder obtained from the strobiles 
of Humulus lupulus, which is widely grown. It contains choline, 
asparagine, wax, etc. Over 60 per cent is ether-soluble. It is 
an aphrodisiac, stimulant and anodyne. 

Kamala consists of the hairs covering the fruit of Mallotus 
philippinensis which grows in China, Australia, India and the 
Philippines. It is an anthelmintic. A solid extract, prepared 
in vacuo, is available. 

Agaric is the dried white body of a fungus growth of 
Pomes officinalis, which develops on various species of Pinus. It 
is an antihydrotic and purgative. 

Cantharides or Spanish flies consist of dried ground insects, 
Cantharis vesicatori, according to U.S.P. standard. The insects 
are flattened, 15-25 mm. long, and about 5-8 mm. wide. They 
are green or blue-green with a metallic luster. The insects 
contain 0.4-0.8 per cent of cantharidin and some 12 per cent 
of fat and varied resins. Russian and Chinese grades are sold 
in whole, or powdered form. They are an aphrodisiac, em- 
menagogue, rubefacient, vesicant, stimulant and diuretic. 
Uses are largely external. They are frequently an ingredient 
of hair tonics. 
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EXTRACTS OF NATURAL PRODUCTS 

These extracts are obtained by the simple extraction of nat¬ 
urally occurring products. Each extract has a predominant 
characteristic but usually contains numerous substances ad¬ 
mixed with the active principle. The liquid used for extraction 
is in most cases water, but may be alcohol in appropriate con¬ 
centration, aqueous alkalies, etc. In many cases the extracted 
solution is evaporated to dryness and sold in dry form. Others 
are viscid liquids. Insoluble matter not removed by filtration 
is often present. 

The predominant tonnage group consists of those products 
high in tannin content and used as tanning agents. They are 
usually also used as a source of tannin as a mordant in dyeing. 
Tanning agents shade into a group of products also having 
coloring properties. A substantial number of extracts can only 
be considered as miscellaneous because of diverse uses. Some 
of these are niedicinals. Many minor extracts are mentioned 
incidentally with their source, in the previous chapter, and 
do not appear in this chapter. 

Quebracho extract is obtained by acjueous extraction from 
the dried wood or bark of a South American tree, Aspidosperma 
quebracho bianco. Its value depends on the tannin content. 
Quebracho is sold as a highly viscous liquid or as a brittle solid. 
The liquid contains 35 per cent of tannins, the solid 63 per cent, 
and the clarified solid 64 per cent. Medically it is a febrifuge, 
antispasmodic and tonic. It is used in tanning leather and in 
dyeing and printing fabrics. 

Gambler is the dried aqueous extract from the leaves and 
twigs of a Malayan woody vine, Uncaria gambicr. U.S.P. X 
required not less than 70 per cent solubility in water and 60 
per cent in alcohol. The composition is 10-30 per cent catechin, 
20-50 per cent catechutannic acid, together with wax, oil, quer- 
citin and gambiercatechu reds. Gambier is sold in common, 
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plantation and Singapore grades. A selected quality is sold as 
cubes cut from the dried extract. It is an astringent and tonic. 
Industrially it is used in tanning leather, in dyeing browns and 
blacks, and in leak-stopping preparations and boiler compounds. 

Sumac extract or sumach extract is obtained by concentra¬ 
tion of an aqueous extraction of the leaves, small twigs, ripe 
fruit and bark of the sumac tree, Rhus glabra. The tree grows 
in the eastern United States and Europe. The various parts 
used contain organic acids, gums, etc, in addition to tannins. 
Grades sold are 42°Tw., 51°Tw. and Sicilian or Italian stain¬ 
less. Medically it is an antidiarrhetic, refrigerant and tonic. 
The major use is in tanning leather, and dyeing and printing 
textiles. 

Chestnut extract is the product of the aqueous extraction 
of the bark of the chestnut tree, of the genus Castanea. It 
grows from Maine to Florida, and in Europe. The value de- 
])ends on the tannin content. Grades sold are clarified liquid 
containing 25 per cent of tannin, and powdered solid of 60 per 
cent tannin. Medically it is a mild sedative, tonic and astrin¬ 
gent. The major use is for tanning leather, and as a mordant in 
dyeing and printing textiles, particularly black silk. 

Oakbark extract is prepared by aqueous extraction of the 
bark of Qucrcus robur or Qucrcus alba, which grow in the east¬ 
ern United States, Europe and Asia. Major ingredients of the 
extract are gallic acid, quercitannic acid, etc. It is sold as a 
concentrated solution containing 25 per cent of tannins and is 
used largely in tanning fine sole leather. 

Quercitron extract is the aqueous extract from the bark of 
the black oak, Qucrcus coccmea, and is closely allied to oakbark 
extract. It is sold as a liquid of 51°Tw. and as solid extract, the 
latter sometimes in diflPerent shades of color. The major uses 
are in tanning, dyeing, and printing leather. 

Hemlock extract is obtained by aqueous extraction from 
the bark of the hemlock, Tsuga canadensis. It is sold as a con¬ 
centrated liquid containing 25 per cent of tannins, and is used 
mainly for tanning leather, to a lesser extent as a source of 
tannin for other purposes. 
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Gall extract or nutgall extract is obtained by aqueous ex¬ 
traction from the nutgalls of commerce which develop on vari¬ 
ous species of oak, genus Quercus, The extract is used in tan¬ 
ning leather, in the manufacture of black inks of the so-called 
iron-gallotannatc type—and as a mordant in dyeing and print¬ 
ing textiles. 

Wattle bark extract is obtained by the aqueous extraction 
of wattle bark from Acacia. It is high in tannins and is sold as 
60°Tw. for use in the tanning of leather, and as a source of 
tannin for other purposes. 

Mangrove extract is obtained by aqueous extraction from 
mangrove bark, from Rhii^ophora mangle. It is sold of a liquid 
grade containing 25 per cent of tannin and as solid grade con¬ 
taining 55 per cent. Use is in tanning of leather and for related 
purposes. 

Cutch or black catechu is a dried extract from the wood and 
pods of Acacia catechu and from the betel nut of Areca catechu. 
Both are grown in India and nearby localities. The ingredients 
are 25-35 per cent of catechutannic acid and 2-10 per cent of 
acatechin quercitin, gums and catechu reds. It is imported from 
the Philippines, and medically is an astringent and tonic. The 
major use is as a tanning agent, as a source of tannins in dyeing, 
and in wood stains and boiler compounds. 

Myrobalans extract is obtained by aqueous extraction of 
myrobalans from trees of the genus Terminalia. The liquid grade 
contains 25 per cent of tannins. A 50 per cent solid grade is 
offered. The products are sometimes further classified as to 
source. Uses are the same as of other high-tannin extracts. 

Divi-divi extract is obtained by aqueous extraction from the 
fruit divi-divi of a tropical American tree, Caesal pinia coriaria. 
The extract is high in tannic and gallic acids and is sold as con¬ 
taining 25 per cent of tannins for use in tanning leather. 

Spruce extract or spruce-sulfite extract is obtained as a by¬ 
product in the manufacture of pulp from spruce, genus Picea. 
Chemically it is a complex mixture of lignosulfonic acids, or of 
their alkali and alkaline-earth salts, with unreacted lignin and 
degradation products. Varied grades are liquid extract, pow¬ 
dered extract and a super extract. It is not a true tanning 
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agent by itself but a semitanning and loading agent used in 
leather tannage. It has many other uses as adhesive, boiler 
compound, etc,, where an inexpensive organic colloid is 
required. 

Logwood extract is obtained by aqueous extraction of the 
heartwood of Hematoxylon campechianum, a tree growing 
in Central America and the West Indies. The wood is cut 
up and sold in the form of small logs, which in turn are re¬ 
duced to chips for easy extraction. The wood contains about 
10 per cent of hematoxylin, which is the active coloring agent, 
along with tannin, fatty acids, resins, etc. The liquid ex¬ 
tract is concentrated to a definite specific gravity in vacuo. It 
is sold at 51°Tw. The solid is obtained when the extract 
is evaporated completely to dryness. Crystals separate dur¬ 
ing the process of evaporation and are isolated from the 
mother liquor as another grade, logwood crystals. Medically 
logwood extract is used as an antidysenteric and antidi- 
arrhetic. The important use is for dyeing textiles and color¬ 
ing other sul)stances. 

Hematin is obtained from logwood extract by adding am¬ 
monia and exposing to air. It is an oxidation product of hema¬ 
toxylin. Liquid of 51®Tw. and hematin crystals are sold, the 
latter being more important. Hematin gives a bright red color 
with alkalies and its major use is as a dyestuff. 

Fustic extract is obtained by aqueous extraction of the 
heartwood of a common tropical American tree, Chlorophora 
tinctoria or of Manchuria tinctoria. The preparation, proper¬ 
ties and uses parallel those of logwood. It is also sold as a 
liquid, a solid and as crystals. 

Irish moss, carageenin or algin is the dried, bleached form 
of a seaweed or kelp, Chondrns crispus, or other seaweeds found 
along the coast of New England and Ireland. Bleaching should 
be by sun, but is occasionally done with sulfur dioxide. It is 
prepared as sections 2-5 inches long consisting almost entirely 
of gum. When boiled in water for some time a colloidal dis¬ 
persion results which gelatinizes on cooling. It may be precipi¬ 
tated in purified form by alcohol. The extract is sold as ordi¬ 
nary, powdered 80-90 mesh, and ble^iched prime. It is used 
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as a food, in making jellies and blanc mange, in the treatment 
of textiles, as a clarifying agent, and medically as a demulcent. 
Irish moss is sometimes confused with locust-bean extracts 
described under their source, carob seed. 

Pectin is a term for a group of substances which are carbo¬ 
hydrates. They are extractable from ripe fruits and vegetables 
but commercially are obtained from apples or citrus fruits. Pec¬ 
tins may be prepared as such, or may be liberated by restricted 
acid or enzymic hydrolysis. Apple pectin is sold as a brown 
solution, citrus pectin as a white powder precipitated by alcohol 
from solution. Calcium may be present in combination. The 
compounds are methylated derivatives which can be further 
hydrolyzed to pectic acids and methyl alcohol. The aqueous 
solutions are viscous and solidify to a jelly on adding sugar. 
Grades are based on the relative strength in “setting” fruit jel¬ 
lies. The formation of such jellies when pectin is not added as 
such is dependent on the natural pectin content of the ripe 
fruit. 

Osage orange extract is obtained by aqueous extraction 
from the bark of a native shrub, Madura pornijcra. It contains 
both tannins and a natural dyestuff and is sold in a liquid form 
of 51°Tw., and as crystals. Both are used for the tanning and 
coloring of leather and for dyeing textiles. 

Brazilwood extract, hypernic extract or pernambuco extract 
is obtained by aqueous extraction from the wood of tropical 
American trees of the Cacsalpinia family, the redwood of com¬ 
merce. The important ingredient is a natural dyestuff, bra- 
zilin. It is sold as a 51°Tw. liquid extract, and as a solid, and 
is used for dyeing red and purple shades of wood, ink, textiles, 
etc., as well as in the manufacture of red lakes. 

Archil extract, orchil extract or cudbear is a dyestuff ob¬ 
tained from various species of lichens such as Rocella tiuctoria, 
by fermentation followed by the action of air, and extraction 
with dilute aqua ammonia. The lichens are native to the Medi¬ 
terranean countries and Eastern islands of that region. The 
major ingredients are orcin and orcein. Single, double and 
triple strengths are quoted. Medically the extract is an anti¬ 
septic. It is used as a dyestuff for wool and silk in either acid 
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or alkaline baths, or for coloring various foods and medicinal 
products. The color is somewhat fugitive. 

Persian-berry extract is obtained by a(j[ueous extraction of 
the dried bark of Rhamnus frangula. The bush is variously 
known as Aleppo buckthorn, Smyrna buckthorn, European 
buckthorn, etc. The extract is used mainly for its content of 
tannin and coloring matter, for coloring leather and textiles. 
An extract of unripe berries is also sometimes sold and used. 

Witch-hazel extract is a dilute alcoholic solution of the dis¬ 
tillate from Hamaiiwlis virginiana bark, twigs and leaves. The 
shrub grows in the eastern United States and is collected in the 
winter months when the twigs are free from sap. The N.F. 
grade is sold and contains 14 per cent of alcohol. It is used in 
medicine and pharmacy and as a home remedy for the treat¬ 
ment of bruises, as well as in varied toilet goods. 

Bay rum is a fragrant liquid originally prepared in the West 
Indies i)y distilling 400 pounds of dried bay leaves with 65 
gallons of rum, 100 gallons of water and a little salt. It is now 
commonly made from oil of myrcia, orange peel oil, and oil 
of pimenta, in a 57 per cent solution of alcohol. It is used in 
medicine for its aromatic properties, in cosmetics such as shav¬ 
ing lotions, and as an alcoholic rubbing lotion. 

Rose water is an aqueous solution of the odorous substances 
of the rose, Rosa gallica, prepared by steam-distilling the fresh 
flowers. It is used as a perfume. The usual grade is known 
as triple distilled. 

Pyrethrum extract is a solution of pyrethrins from pyre- 
thrum flowers, Chrysanthciniiui citicrarijoliuiti. The usual solv¬ 
ent is deodorized kerosene although there is some demand 
for alcoholic extracts. The usual grade is a kerosene solution 
containing 2.4 per cent of pyrethrins which can be diluted 19:1 
with deodorized kerosene to give a liquid insecticide. A 3.6 
per cent grade for a dilution of 29:1 is also quoted. Related 
derris extracts and cube extracts for similar purposes are also 
available but are less widely offered. They contain rotenone 
as the active agent. 

Agar, agar-agar, Japanese isinglass or Chinese isinglass is 
by U.S.P. definition the dried mucilaginous substance extracted 
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from various species of Gelidium and closely related algae. Not 
more than one per cent of foreign organic matter, one per cent 
of acid-insoluble ash, and 18 per cent of moisture is permissible. 
It enters the market in the form of thin, adherent translucent 
strips a few inches long, or ground to a coarse white powder. 
It contains over 60 per cent of a gelatinous carbohydrate, gelose, 
and a little protein and pectin. In cold water it forms a muci¬ 
laginous or jelly-like mass. It dissolves in hot water and gela¬ 
tinizes on cooling. Grades sold are numbers 1, 2 and 3 of 
declining quality and price. Agar is used in culture media, as 
a laxative, in the East in soups and jellies, in photography, as 
a substitute for gelatin, as a sizing for textiles, as a thickener 
for dyes for printing textiles, and in many analogous ways. 

Licorice extract is obtained by aqueous extraction from 
the rhizomes and roots of the licorice plant, varied species of 
Glycyrrhica. It is evaporated to dryness and sold as a mass in 
flattened cylindrical rolls or in powdered form. The U.S.P. 
grade must be sweetish and not more than very slightly acrid. 
The extract must show over 60 per cent water-solubility and 
an absence of foreign starches. It is used in medicine as an 
expectorant, laxative, demulcent and corrigent, as a flavoring 
agent in candy, tobacco, etc., and as a foam producer in bever¬ 
ages and fire extinguishers. For the major effect as a foam 
producer ammoniated licorice extract is preferable. 

Papain, pawpaw juice or vegetable pepsin is the active prin¬ 
ciple of the juice of the green papaya fruit and of the leaves of 
Carica papaya, both from the Far East. It is sold in powdered 
form after evaporation of the extract. Papain is a proteolytic 
enzyme intermediate in action between pepsin and trypsin and 
is used in medicine as a digestant. It is active in acid, neutral 
or alkaline solution. 

Aloin is a crystalline substance, a pentoside or mixture of 
pentosides according to U.S.P. definition, extracted with alkali 
from aloes, usually Curacao aloes. It is a light to dark yellow, 
finely crystalline powder, and darkens on exposure to light and 
air. Aloin varies in solubility, but is quite soluble in water, 
alcohol or acetone and slightly so in ether. It dissolves in aqua 
ammpnia or aqueous alkalies with a red cplor. The alkaline 
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solution decomposes rapidly. The ash must not exceed 0.5 per 
cent. It is a cathartic or purgative. 

Chrysarobin is a yellow to brown crystalline mixture 
of neutral principles obtained by the purification of Goa 
powder, which (Kcurs in the wcKjd of Vouacapoua araroha. It turns 
brown on exposure to air. The crude araroba contains 80 per 
cent of chrysarobin. It is very slightly soluble in water but soluble 
in alcohol, ether or carbon bisulfide. The U.S.P. material is used 
in medicine in the treatment of skin diseases. 
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ALKALOIDS AND THEIR SALTS 

Alkaloids are normally complex basic organic substances 
occurring naturally in plants. There are exceptions. Most 
of them are heterocyclic compounds and contain a tertiary ni¬ 
trogen atom, as well as carbon, hydrogen and sometimes oxy¬ 
gen. They react with acids by addition to form salts. 

Alkaloids always occur as mixtures in plants; opium con¬ 
tains at least 25 different alkaloids. To obtain the alkaloid, the 
plant material is usually dried, ground and extracted with a 
suitable solvent. The extract is then distilled in vacuo and the 
distillate acidified and filtered, to separate impurities from the 
soluble salt of the alkaloid. The alkaloids are then precipi¬ 
tated from the filtrate by making it alkaline, or if water-soluble, 
they are separated by acidifying and extracting with another 
solvent, or they may be removed by absorption or by some 
special method. The natural mixture is separated into its com¬ 
ponent parts by further extractions, by fractional crystalliza¬ 
tion, or by both methods. 

Most of the alkaloids are used medicinally for their special 
physiological effect. For example, quinine is a preventative 
and cure for malaria because of its specific toxicity for malaria 
protozoa. 

Some of the alkaloids are used for other than medicinal pur¬ 
poses, as in the case of the cinchona alkaloids which are em¬ 
ployed for the moth-proofing of fabrics. Many of the alkaloids 
used medicinally have standards of purity set for them by the 
various pharmacopoeias. The salts have the same physiologi¬ 
cal action in general as the bases, the alkaloids themselves. 

Except in a few cases the alkaloids are white crystalline sub¬ 
stances. The free alkaloid base varies in solubility in organic 
solvents. The salts, such as the hydrochloride and sulfate, are 
usually water-soluble, and therefore the free bases dissolve in 
aqueous acids to form the respective salts. Space does not per- 
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mit giving the melting points, which are usually characteristic. 
As would be expected from the nature of the sources most alka¬ 
loids are very expensive, and many are sold only under very 
rigid restrictions. As a matter of condensation their physio¬ 
logical action will be given in medical terms. The meanings 
are indicated in Appendix B. 

Morphine, Ci 7 Hi» 03 N,H 20 is the chief alkaloid of opium, 
constituting 7.5 to 15 per cent of the gum opium. It is a com¬ 
plex derivative of phenanthrene. Morphine acetate, morphine 
ethyl hydrochloride, morphine hydrobromide and morphine 
sulfate are prepared from the alkaloid and sold commercially. 
Other salts are less common. The U.S.P. product is the sulfate, 
(Ci 7 Hio 03 N) 2 H 2 S 04 , 5 H 20 . The standard requires negligible 
ash and not more than 12 per cent of combined water. The 
salts are moderately soluble in water. The free base is soluble 
in acids and but slightly soluble in organic solvents such as al¬ 
cohol, chloroform and ether. Morphine is administered as a 
narcotic, sedative, hypnotic and anodyne. 

Apomorphine, C 17 H 17 O 2 N, is a white crystalline substance 
obtained as the hydrochloride by heating morphine with hydro¬ 
chloric acid in sealed tubes, to dehydrate it. Apomorphine 
hydrochloride is a U..S.P. product, Ci 7 Hi 702 N,HCl,^.H 20 . It 
is slightly soluble in water, alcohol, chloroform or ether. The 
a(jiieous solutions turn green on exposure to air, unless acidi¬ 
fied. Its medical uses are as a cardiac depressant, emetic, ex- 
j)ectorant, sedative and hypnotic. 

Codeine, CihH2i03X,H20, is an alkaloid obtained from 
opium. It is also prepared by the methylation of morphine. 
The U.S.P. standard for the alkaloid requires not more than 
six per cent of combined water, and negligible ash. Codeine 
phosphate and codeine sulfate are formed by reaction with the 
respective acids. The U.S.P. standard requires that the phos¬ 
phate, Ci 8 H 2 i 03 N,H 3 P 04 , 13 ^H 20 , coutaiii not less than 70 per 
cent of anhydrous alkaloid. Codeine sulfate, (Ci 8 H 2 i 03 N) 2 - 
H 2 S 04 , 5 H 20 is also a U.S.P. product and must have negligible 
ash and not over 12 per cent of combined water. Codeine hydro¬ 
chloride, Ci8H2i03N,HC1,2H20, is similarly formed but is not 
U.S.P, The alkaloid base is slightly soluble in water, ex- 
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tremely soluble in alcohol and very soluble in ether. The salts 
are extremely soluble in water and almost insoluble in organic 
solvents. Codeine is used as the free alkaloid, or preferably as 
the phosphate, as an analgesic, hypnotic and sedative, particu¬ 
larly in cases of mental disorders. 

Cocaine, C 17 H 21 O 4 N, is the alkaloid obtained from cocoa 
leaves, various varieties of erythoxylon. Both the alkaloid and 
cocaine hydrochloride, Ci 7 H 2 i 04 N,HCl, have U.S.P. standards 
requiring negligible ash. Cocaine is practically insoluble in 
water but is very soluble in alcohol or ether, and extremely 
soluble in chloroform. The hydrochloride is extremely soluble 
in water, very soluble in chloroform, and moderately soluble in 
alcohol. It is used as a local anesthetic, usually as the hydro¬ 
chloride, but is being replaced by such synthetic compounds as 
procaine. Other uses are as a stimulant, sedative, antisiala- 
gogue, mydriatic, anodyne, antihydrotic and antipruritic. 

Strychnine, C21H22N2O2, is a very poisonous alkaloid ob¬ 
tained from the various plants of the genus StrychnoSy as from 
nux vomica. It is a tertiary base, moderately soluble in chloro¬ 
form, slightly so in benzene. Crystalline and powdered forms 
are available. Salts sold are strychnine acetate, strychnine 
arsenate, strychnine arsenite, strychnine glycerophosphate, 
strychnine hydrochloride, strychnine hypophosphite, strych¬ 
nine nitrate, strychnine phosphate and strychnine sulfate. Of 
these, the U.S.P. specifies that the nitrate, C 2 iH 2202 N 2 ,HNO;j, 
shall not have over 0.1 per cent ash, and the sulfate, (C 21 H 22 - 
02 N 2 ) 2 ,H 2 S 04 ,SH 20 , not over 11.5 per cent of combined water. 
The U.S.P. salts are only moderately soluble in water or alco¬ 
hol. Strychnine is used as a tonic to stimulate the central 
nervous system and as stomachic, stimulant, spinant and ex- 
citomotor. Unlike most alkaloids it has important uses other 
than in medicine^ primarily as the active ingredient of poisons 
for mice, rats and other rodents. 

Lobeline, C21H2.3O2N, is a poisonous alkaloid obtained by 
extraction from the seeds or leaves of the plant, Lobelia, The 
yellowy, sirupy liquid is .soluble in water and readily soluble 
in alcohol, ether or chloroform. It is used to treat paralysis of 
the respiratory centers, intoxications and narcosis. 
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Brucine, C23H2604N2,2H20, is obtained from the seeds of 
nux vomica and ignatia. It is soluble in alcohol, chloroform 
or ether. The alkaloid and brucine sulfate, (C23H2604N2)2.-’ 
H 2 S 04 , 7 H 20 , are among the few inexpensive alkaloids. The 
sulfate is soluble in water and alcohol. In medicine its action 
is similar to that of strychnine but milder. It is not a U.S.P. 
product. Brucine is also used as a denaturant for specially de¬ 
natured alcohols. 

Quinine, C 2 oH 240 oN 2 , 3 H 20 , is a white crystalline alkaloid 
extracted from cinchona bark or Peruvian bark.'* It is a 
derivative of quinoline and quinuclidine, is dibasic and forms 
two series of salts. The free base is extremely soluble in alco¬ 
hol or chloroform. The alkaloid is an important U.S.P. prod¬ 
uct, of a grade containing not over 0.1 per cent ash. U.S.P. 
derivatives are quinine ethylcarbonate or euquinine, C2.3H28- 
O4N2; quinine bisulfate, C2oH2402N2,H2S04,7H20; quinine 
sulfate, (€ 201 ^ 2402 X 2 ) 2 ,H 2 SO 4 , 2 H 2 O; and quinine dihydro¬ 
chloride, C2 oH2402N2,2HC1. Euquinine is very soluble in al¬ 
cohol, ether or chloroform. The bisulfate is very soluble in 
water, moderately so in alcohol. The sulfate is but slightly 
soluble, even in water. The dihydrochloride is extremely sol¬ 
uble in water and moderately so in alcohol. The salts of the 
alkaloid are used as a tonic, emmenagogue, antiperiodic, anti¬ 
septic and antipyretic. Self-administration for prevention or 
control of fever in tropical regions is common. Non-U.S.P. 
salts sold are quinine acetate, quinine arsenate, quinine arsenite, 
quinine citrate, quinine dihydrobromide, quinine ferrocyanide, 
quinine formate, quinine glycerophosphate, quinine hydro¬ 
chloride, quinine hydrochlorosulfate, quinine hydroiodide, qui¬ 
nine hypophosphite, quinine phosphate, quinine salicylate, qui¬ 
nine sulfocarbolate, quinine tannate, quinine tartrate and 
quinine valerate. Their uses are also medicinal. 

Quinine-urea hydrochloride, C2oH2402N2,HCl,CO(NH2)2, 
HC1,5H20, is prepared by heating quinine hydrochloride with 
urea. It must contain between 58 and 65 per cent of anhydrous 
quinine to meet the U.S.P. standard. This derivative is ex¬ 
tremely soluble in water, and very soluble in alcohol. The com¬ 
pound is used as an anesthetic and hemostatic by injection. 
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Quinidine or chinidine, C20H24O2N2, is a colorless crystal¬ 
line alkaloid isomeric with quinine and obtained from various 
species of Cinchona. It is marketed as large or small crystals, 
or powder. Quinidine sulfate, (C2oH2402N2),H2S04,2Il20, is 
made by reaction with sulfuric acid and is a U.S.P. product. 
The ash must not exceed 0.1 per cent and the combined mois¬ 
ture must be under five per cent. The alkaloid is moderately 
soluble in alcohol or ether and extremely soluble in chloroform. 
The sulfate is only slightly soluble in cold water but very 
soluble in alcohol or chloroform. These products are used as 
an antiperiodic, tonic, antiseptic and antipyretic, their action 
being similar to that of quinine but weaker. 

Cinchonine, Ci»H 220 N 2 , is an alkaloid from cinchona bark. 
It is slightly soluble in alcohol or ether. The commercial prod¬ 
uct is sold as large crystals, small crystals or powder. Medi¬ 
cally it is a bitter tonic and antiperiodic. Industrially it is used 
as a mothproofing agent, particularly in the form of the oleate. 
Many salts are sold of which cinchonine sulfate, (CioH^oONj)!'- 
H2SO4, is the most important. The sulfate is used medically 
in the same way as the alkaloid, and is preferable because of 
substantial solubility in water or alcohol. 

Cinchonidine, C 19 H 22 ON 2 , is another alkaloid extracted from 
cinchona l 3 ark. Structurally it is a//>//a-(|uinidine. It is moder¬ 
ately soluble in alcohol, and is sold as large or small crystals, 
or powder. Cinchonidine sulfate, (Cn)H220X2)2.H2S04,3H2C), 
is a U.S.P. X and N.F. product. The alkaloid is moderately 
soluble in alcohol. The sulfate is slightlv soluble in water or 
alcohol. Medically it is used as a tonic and antiperiodic, indus¬ 
trially in moth-repellent preparations. It is substantially more 
expensive than cinchonine. 

Emetine hydrochloride, C29H4o04N2,2HCl, is the reaction 
product of hydrochloric acid with emetine, obtained from ipe¬ 
cac root or prepared synthetically. The U.S.P. standard re¬ 
quires negligible ash, and a loss of between 8 and 16 per cent 
on drying at 100° C. The hydrochloride is very soluble in 
water or alcohol. The free alkaloid is a brown resin but is not 
usually offered. The hydrochloride is used as an emetic, ex¬ 
pectorant, antipyretic, and as a specific for amoebic dysentery. 
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Dover’s powder or powder of ipecac and opium is a diluted 
mixture of ipecac and opium. The U.S.P. grade contains 10 
per cent of finely powdered ipecac, 10 per cent of finely pow¬ 
dered opium and 80 per cent of coarsely powdered lactose. It 
is gray to brown in color. The British preparation replaces the 
lactose with potassium sulfate. It is used as an anodyne and 
diaphoretic. 

Homatropine hydrobromide, Ci«H:>i03N,HBr, is a very 
poisonous white crystalline compound, soluble in chloroform 
or alcohol and very soluble in water. It is prepared from hydro- 
bromic acid and homatropine, which is a synthetic alkaloid pre¬ 
pared from tropine and mandelic acid. The U.S.P. standard 
retiuires negligible ash. The salt is used medicinally as a 
mydriatic. 

Ephedrine, CioHidON, is an alkaloid obtained by extracting 
the leaves of Ephedra, the Chinese mahuang, or by synthetic 
production. Ephedrine hydrochloride, CioHi 50 N,HCl. and 
ephedrine sulfate, (CioHi50N)2,H2S04, are formed by reaction 
with the respective acids. The sulfate is sold in crystalline and 
powdered forms. The U.S.P. alkaloid must have a negligible 
ash; the sulfate contains 75.5-77.3 per cent of the anhydrous 
alkaloid, the hydrochloride 80-82.5 per cent of anhydrous alka¬ 
loid. The alkaloid is an unctuous, very light-colored solid, usu¬ 
ally noncrystalline. It is soluble in alcohol, chloroform, ether 
or fixed oils. The acjueous solution is quite strongly alkaline. 
The salts are soluble in water or alcohol. The alkaloid is used 
for treatment of hay fever, asthma, circulatory failure and nar¬ 
cotic poisoning. 

Hyoscine hydrobromide or scopolamine hydrobromide, 
Ci 7 H 2 i 04 N,HBr, 3 Il 20 , is prepared by the reaction of hydro- 
bromic acid and hyoscine or scopolamine, obtained from the 
roots of herbs of the genera Solanaeeae. It is a U.S.P. product, 
having a negligible ash and not more than 13 per cent of water. 
The compound is extremely soluble in water, moderately so in 
alcohol. It is used as a mydriatic, hypnotic and sedative. 

Hyoscyamine, C'i7H2aOaN. is an alkaloid obtained from hen¬ 
bane, belladonna and other solanaceous plants. Hyoscyamine 
hydrobromide, Ci7H2a03N,HBr, and hyoscyamine sulfate, 
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(Ci 7H2308N)2,H2S04,2H20, Rfc prepared from the alkaloid. 
The alkaloid is soluble in alcohol, chloroform or ether, slightly 
so in water. The salts are extremely soluble in water and mod¬ 
erately so in alcohol. The hydrobromide was in U.S.P. X and 
several preparations in U.S.P. XI contain hyoscyamine. The 
alkaloid or its salts may be used as a hypnotic, sedative, and 
locally as a mydriatic. 

Duboisine, CitHosOsN, is an alkaloid obtained from the 
leaves of Duboisa myopcriodic, an Australian shrub. It is identi¬ 
cal in constitution with hyoscyamine. The commercial salt is 
duboisine sulfate, (Ci 7 H 2303 N) 2 ,H 2 S 04 , 2 H 20 . The alkaloid is 
soluble in alcohol, ether or chloroform, the sulfate in water or 
alcohol. The alkaloid is a sedative, mydriatic and hypnotic but 
is not supplied topically because it is insoluble. The sulfate 
is used as a mydriatic, dilating the pupil of the eye much more 
powerfully than atropine. 

Atropine, C17H23O3N, is the poisonous crystalline alkaloid 
extracted from the leaves and roots of Atropa belladonna, often 
referred to as deadly nightshade. It also occurs in some other 
plants. Atropine sulfate, (C17H23O3N )2,H2S04,H20, is the 
common salt. The alkaloid is extremely soluble in alcohol or 
chloroform, moderately so in ether. The sulfate is extremely 
soluble in water and very soluble in alcohol. Both are U.S.P. 
products, the alkaloid melting at 114 - 116 ° C.; the sulfate not 
below 188 ° C. They are used as antispasmodic, stimulant, anti- 
hydrotic, antisialagogue, analgesic and mydriatic. The best- 
known use is application to the eye for dilation of the pupil. 

Eserine or physostigmine, C15H21OJN3, is an alkaloid ob¬ 
tained from the dried seeds of Physostigma venenosum or the 
calabar bean of West Africa. The colorless hygroscopic crys¬ 
tals turn red and resinify on exposure to air. The alkaloid is 
used for preparing eserine salicylate or physostigmine salicy¬ 
late, Ci{iH 2 i 02 N 3 ,C 7 Ho 0 . 3 . This is a U.S.P. product having a 
negligible ash. Eserine sulfate or physostigmine sulfate is also 
sold. The salts are white or yellowish and turn red on exposure 
to light. A red salt or red solutions have deteriorated in physio¬ 
logical effect. The alkaloid is soluble in alcohol, benzene, ether 
or chloroform. The salts are soluble in water, alcohol, chloro- 
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form or ether, to varying degrees. The alkaloid and its salts 
are used as a sedative, antineuralgic, diaphoretic, depressant, 
purgative, myotic, sialagogue and antitetanic. The sulfate is 
a veterinary remedy for colic and chronic gastric catarrh. The 
alcoholic extract contracts the pupil of the eye to overcome the 
effects of atropine. 

Hydrastine, C21H21O0N, is a crystalline nonpoisonous alka¬ 
loid found in the rootstock of goldenseal and prepared syn¬ 
thetically. Hydrastine hydrochloride, C 2 iH 2 iO(jN,HCl, and 
hydrastine sulfate, (C 2 iH 2 iOoN) 2 ,H 2 S 04 , are the commercial 
salts. The alkaloid is slightly soluble in water, alcohol, chloro¬ 
form or ether, and very soluble in benzene. The salts are very 
soluble in water or alcohol. Both the sulfate and the hydro¬ 
chloride are hygroscopic. The alkaloid and its salts are used 
as an antiseptic, astringent, hemostatic, tonic, alterative and 
enimenagogue. 

Aconitine is an alkaloid obtained from the roots and leaves 
of Aconitmn napcilus. The amorphous form is an impure mix¬ 
ture of alkaloids, the crystalline form is C34H47O11N. The 
alkaloid is extremely poisonous, and is soluble in alcohol or 
benzene. Aconitine is used as a diuretic, sudorific, antineu¬ 
ralgic and external anesthetic. 

Pilocarpine, CnHio02N2, is a colorless to yellow liquid ob¬ 
tained from the dried leaves of two varieties of Pilocarpus. 
Pilocarpine nitrate, CiiHio 02 X 2 ,HN 03 , is a U.S.P. crystalline 
salt very soluble in water, moderately soluble in alcohol, and 
having a negligible ash. Pilocarpine hydrochloride, CnHio- 
OoNo.HCl, is a hygroscopic salt extremely soluble in water 
or alcohol. Both salts are used medicinally as* a diuretic, siala- 
gogue, galactagogue, myotic and diaphoretic. 

Sparteine, C 16 H 26 N 2 , is a yellowish, sirupy liquid extracted 
from the tops of the common broom. It is soluble in alcohol, 
chloroform or ether. Sparteine sulfate, Ci 5 H 2 oN 2 ,H 2 S 04 ,- 
5 H 2 O, is the crystalline commercial form, very soluble in water 
or alcohol. It is used as a heart stimulant and diuretic. 

Berberine, C20H17O4N, is the alkaloid extracted from the 
roots of the barberry and related plants. It is soluble in water 
and forms yellow crystals. Berberine bisulfate, C20H17O4N,- 
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H2SO4, berberine sulfate, (C2oHi704N)o,H2S04, and berberine 
hydrochloride, C2oHi704N,HCl, are commercial yellow crystal¬ 
line salts. The bisiilfate is often incorrectly called berberine 
sulfate. The bisiilfate, sulfate and hydrochloride are slightly 
soluble in water. These salts are used in medicine as a tonic, 
antiperiodic and stomachic. 

Colchicine, Ci>2Ho50«N, is a very poisonous yellow alkaloid 
extracted from the seed of Colchiian autiDunalc or meadow saffron. 
It is a U.S.P. product having a negligible ash. Colchicine is 
moderately soluble in water, very soluble in chloroform or 
alcohol. Its uses are as an antirheumatic, antineiiralgic, and 
antipodagric. 

Yohimbine, CoiHo^O.jNo, is an alkaloid obtained from 
Yohimbc bark. The usual salt is yohimbine hydrochloride, 
CuiH^tjOaNoTICl. It is water-soluble, and used as an aphro¬ 
disiac. 

Arecoline, CgHiaOjN, is an alkaloid obtained from the 
Arcca catechu or betel nut. The usual compound is arecoline 
hydrobromide, CsHiaOoN.HHr, soluble in water or hot alcohol. 
The salt is used as a cathartic, sialagogue, myotic and anthel¬ 
mintic. It is also used in veterinary medicine. 

Nicotine, C10H14N2, is obtained from tobacco leaves, is a 
derivative of both pyridine and pyrrolidine, and is a colorless 
to yellow, oily liquid. It turns brown on exposure to air and 
is very soluble in water, alcohol, ether, chloroform, oils, etc. 
Nicotine sulfate, CioHi 4 X 2 ,H 2 S 04 . is a white crystalline com¬ 
pound derived from nicotine. It is sold as a solution in water, 
containing 40 per cent of nicotine. Nicotine is a local irritant 
but the major use is as an agricultural insecticide. 

Caffeine, C8Hio02N4,H20, is the alkaloid obtained from 
coffee, tea, guarana, and kola nuts. It is also prepared syn¬ 
thetically. The white crystalline alkaloid is 1 , 3 , 7 -trimethyl 
xanthine. It is moderately soluble in water, alcohol or acetone, 
very soluble in chloroform. The U.S.P. standard requires not 
over 0.05 per cent of ash nor over 9 per cent of combined mois¬ 
ture. Medicinally it is used as a cerebral and muscular stimu¬ 
lant or diuretic. Much is present in compound form in stimu¬ 
lating beverages. Caffeine hydrobromide, C8Hio02N4,HBr,- 
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2 H 2 O, sometimes called caffeine bromide, is somewhat soluble 
in water or alcohol. It is used mainly as a diuretic. Citrated 
caffeine is a mixture of caffeine and citric acid which accord¬ 
ing to U.S.P. standards contains 48-52 per cent of anhydrous 
caffeine. The ash must not be more than 0.1 per cent. Its 
uses are similar to those of the alkaloid. Caffeine with sodium 
benzoate is a U.S.P. mixture of caffeine and sodium benzoate. 
When dried at 80° C. it must not lose more than 5 per cent of 
combined moisture. The anhydrous material must contain 
47-50 per cent of anhydrous caffeine and 50-53 per cent of so¬ 
dium benzoate. It is used for the same purposes as caffeine. 

Theobromine, C7H8O2N4, is obtained from the seeds of the 
Thcohroma cacao, or cacao bean, in which it is the principal 
alkaloid. It also occurs in small amounts in the kola nut and 
in tea, and can be synthesized. The structure is 3,7-dimethyl 
xanthine. It is soluble in organic solvents, but only slightly 
soluble in water, and is used as a nerve stimulant and diuretic. 
Theobromine with sodium salicylate or theobromine sodio- 
salicylate is a U.S.P. material prepared by combining the so¬ 
dium salt of theobromine with sodium salicylate in approxi¬ 
mately molecular proportions. When dried at 110° C. it 
contains not less than 46.5 per cent of theobromine and 35 
per cent of salicylic acid. It decumpuscs on exposure. Use is 
largely as a diuretic. 
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ESSENTIAL OILS AND OLEORESINS 

Essential oils are volatile or ethereal, odorous bodies of an 
oily nature, obtained from the flowers, leaves, bark, seeds or 
roots of a great number of trees and plants. Essential oils 
vary greatly among themselves as to constitution, and usually 
contain a number of compounds such as hydrocarbons, par¬ 
ticularly terpenes, alcohols, aldehydes, ketones, esters, etc., 
in varying proportions and combinations. They are not chemi¬ 
cal compounds but mixtures of natural origin. 

Similarly, any synthetic odor is composed of a complex mix¬ 
ture. To illustrate, rose odors may contain citronellol, ger- 
aniol, phenylethyl alcohol, ionone, benzophenone, citronellyl 
acetate, geranyl acetate, hydroxycitroncllol, phenylacetic acid, 
etc. Similarly jasmine odors may contain benzyl acetate, hy- 
droxycitronellol, linalool, linalyl acetate, phenylethyl alcohol, alpha- 
amyl cinnamic aldehyde, hexyl cinnamic aldehyde, methyl an- 
thranilate, amyl acetate, ionone, musk, phenylacetic acid, etc. 
Lily-of-the-valley odors may contain hydroxycitroncllol, 
phenylethyl alcohol, heliotropine, rhodinol, citronellol, linalool. 
linalyl acetate, terpineol, geraniol, cinnamyl acetate, musk, etc. 
Lilac odors may contain terpineol, phenylethyl alcohol, cinna¬ 
mic alcohol, hydroxycitroncllol, musk, etc. Violet odors may 
contain ionone, methyl ionone, hydroxycitroncllol. phenyl¬ 
ethyl alcohol, methyl heptine carbonate, terpineol, heliotropin, 
benzyl acetate, etc. Lavender odors may contain geraniol, 
linalyl acetate, terpinyl acetate, geranyl acetate, coumarin, 
benzophenone, hydroxycitroncllol, ionone. musk, etc. These 
are by no means complete lists but serve to illustrate the types 
of materials which enter into the synthetic mixtures known 
as perfumes. 

Essential oils from the same source are usually more or less 
uniform in composition, and are identified by physical constants 
such as specific gravity, refractive index, specific rotatory 
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power, and possibly solubility in selected solvents. To con¬ 
serve space the specific gravities and refractive indices of many 
of the essential oils have been assembled in the table at the 
end of this chapter. 

Many of these oils occur in nature in very small quantities 
and involve a huge amount of labor in obtaining and isolating 
them. Such oils are naturally very expensive. Sometimes the 
more expensive oils are adulterated with cheaper oils or with 
synthetic products bearing some resemblance to the original 
oil. For example, palmarosa oil may be adulterated with coco¬ 
nut oil, cedar oil, turpentine or even kerosene. The original oil 
is soluble in 70 per cent alcohol, while the adulterated oil is 
not. Another example is the adulteration of bitter almond oil 
with synthetic benzaldehyde. Some essential oils are approxi¬ 
mately matched in odor and many other properties by synthetic 
mixtures of ingredients. Oleoresins are semisolid rather than 
liquid but otherwise are of the same general type as essential 
oils. 

Essential oils are obtained by a number of methods, accord¬ 
ing to the nature of the odorous material. Some are distilled 
with steam from the macerated flowers or other plant material. 
This does not recover all odorous constituents completely, so 
that the odor of the oil which separates as a layer in the distil¬ 
late does not duplicate exactly the odor of the original natural 
product. This is because some of the ingredients are too high- 
boiling to distil over, while others may be decomposed at the 
distillation temperature. Other oils, especially citrus oils, are 
obtained by expression of the fruit or plant material. This 
method avoids the destructive effect of the high temperature in 
steam distillation. 

Still another and even gentler method is the enfleurage 
process in which an odorless fat such as lard or tallow is spread 
out in a thin layer and the fresh flowers scattered over it. The 
perfume material which volatilizes from the flowers is absorbed 
by the fat and later separated from it by washing with alcohol. 
Again the recovered material is not the same as that in the 
original flowers, as the fats themselves yield some alcohol-solu¬ 
ble constituents. Materials which can stand more severe action 
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are sometimes mixed with melted fat and the latter filtered off. 
The perfumed oil or fat is called pomade. 

Odorous materials are also directly extracted with volatile 
solvents such as carbon tetrachloride or petroleum ether and 
the solvent distilled off in vacuo. Plant resins, waxes and 
coloring matter remain mixed in with the essential oils as 
impurities. Essential oils are as a rule soluble in alcohol, and 
also in the usual fat solvents such as ethyl ether, petroleum 
ether, chloroform, carbon tetrachloride, carbon bisulfide, etc. 

The yield of flower oils varies greatly with the species and 
also from season to season. Essential oils are sometimes de¬ 
scribed as “terpeneless,*’ indicating that they have been treated 
to remove terpenes. Most distilled natural oils contain ter- 
penes. These consist of a series of isomeric hydrocarbon com¬ 
pounds having the general formula CioHi«, some of them cyclic. 
Individual terpenes are usually named with an ‘‘ene” ending, 
such as pinene, limoene, etc. These compounds are low in odor 
value and for this and other reasons detract from the value of 
an oil containing them. They tend to take up oxygen from the 
air and thus thicken the oil, also to turn rancid. Terpencless 
oils are therefore more concentrated and better in quality than 
those which retain the terpenes. Essential oils from flowers 
are often called floral essences or floressences. Perfumes are 
normally solutions of complex mixtures of odorous essential 
oils in alcohol, of greater or lesser concentration. Flavors simi¬ 
larly are flavoring types of essential oils or extractives in alco¬ 
hol. Nonalcoholic flavors substitute glycerine as the solvent. 

In the following list the oils are classed as far as possible 
by composition, bringing those intimately related in reasonably 
close juxtaposition. The same sequence has been followed in 
the table of physical constants. The order of major constitu¬ 
ents is in general, alcohols, aldehydes, ketones, esters, terpenes. 
More complete data on many of the oils can be obtained from a 
chemical handbook. Since terminology commonly includes 
forms such as oil of rose and rose oil as equivalents, no attempt 
has been made to repeat the two similar forms. 

Bois de rose oil is obtained by distillation of varieties of 
rosewood grown in Cayenne and in Brazil, usually Aniba po- 
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munensis. The colorless oil is quoted as of Cayenne and Brazil¬ 
ian grades, of which the latter is much less expensive. It is 
used in perfumery for its odor of linalool. 

Rosewood oil is a thick yellowish essential oil distilled from 
varieties of rosewood. Bois de rose oil is a variety of oil of 
rosewood. Rhodium oil is a term also applied to rosewood 
oil. True rhodium oil is that from the true rhodium shrubs, 
Convolzmlus scoparius and Convolvulus virgatus. Commer¬ 
cially imitation rhodium oil is better known, and consists of a 
mixture of rose, geranium, cedarwood and sandalwood oils. 
All are used as perfume oils. 

Linaloe-wood oil or linaloa-wood oil is distilled from a frag¬ 
rant wood, Bursera alocxylon, which grows in French Guiana, or 
from another type, Bursera gravcolcns, which grows in Mexico. 
Both kinds contain linalool, geraniol and terpineol. The Mexican 
oil also contains methyl heptanone. The colorless oil is used in 
perfumery. 

Coriander-seed oil is an expensive oil distilled with steam 
from the dried ripe fruit of a European herb, Coriandrum satknun. 
The colorless to pale yellow oil has a distinctive odor and spicy 
taste. It contains linalool, pinene and cymol, and is used in 
flavoring materials. It is a U.S.P. product, soluble in 3 volumes 
of 70 per cent alcohol. 

Costus oil is a fragrant oil distilled from the root of an 
herb, Saussurea lappa, found in Kashmir. It is extremely ex¬ 
pensive and used in perfumes and sachets. 

Ylang ylang oil is distilled from the flowers of Cananga 
odorata, from different localities. It contains linalool, geraniol 
and esters of these, pinene, and small amounts of numerous 
other constituents, including the methyl ether of />-cresol, which 
is a powerful and characteristic odorant in this oil. Manila 
ylang ylang oil is the first and most delicately scented fraction 
which distils over, the latter fractions being sold as cananga 
oil or kananga oil. This is also offered in a rectified grade. 
Bourbon ylang ylang oil is an intermediate quality, also offered 
in a rectified grade. Madagascar ylang ylang oil is another 
grade. The separation is based merely on odor. The prop¬ 
erties of the grades vary considerably, according to the frac- 
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tions distilled. The color is yellow. The varied kinds are used 
in medicine and in perfumery. 

Canada snakeroot oil is distilled from the root-like stems 
and the roots of Asarum canadense. It contains linalool, pinene, 
borneol, terpineol, geraniol and methyl eugenol. The yellow- 
brown oil is used in perfumery. 

Origanum oil or wild marjorum oil is obtained from various 
species of marjorum indigenous to the Mediterraneum coun¬ 
tries, mainly Origanum vnlgare or Origanum creticum. The 
physical constants vary according to the origin. The yellow 
oil darkens on exposure to the air. It has a thyme-like odor, 
and thyme oil is sometimes sold under the name of origanum. 
Origanum oil contains carvacrol and cymol. The Triest oil 
also contains thymol; the Smyrna oil also phenol, linalool and 
cedrol. Spanish origanum oil is available and is used in flavor¬ 
ing materials and medicinally. An imitation oil is also sold. 

Patchouli oil is distilled from the leaves of an East Indian 
shrubby mint, Pogostemon patchatdi. The thick brownish yel¬ 
low oil has a fragrance which improves with age. It contains 
patchouly alcohol, eugenol and*cinnamic aldehyde, and is used 
in perfumes. Singapore and domestic grades are quoted, as 
well as an imitation which is not radically less expensive than 
the true oil. 

Lovage oil is a very expensive perfume oil with a charac¬ 
teristic odor. The colorless oil dissolves in the common or¬ 
ganic solvents. It is distilled from various parts of Levisticum 
officinale, or sea parsley, which grows in southern Europe. 

Ambrette-seed oil is a yellow oil of a musk-like odor ob¬ 
tained by distillation from the seed of a species of abelmosk 
resembling millett, and known as amber seed or ambrette seed. 
It is a very expensive perfume oil available in various qualities, 
depending on the extent to which fatty acids have been removed. 

Sandalwood oil is distilled with steam from the wood of the 
semitropical tree, Santalum album. The yellow oil is sold as 
East Indian, U.S.P., West Indian and Australian. East Indian 
sandalwood oil contains santal alcohols and their esters and 
santalol. West Indian sandalwood oil contains 27-55 per cent 
of amyrol and cadinene. Australian sandalwood oil contains 
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95-96 per cent of santalol. The U.S.P. grade yields not less 
than 90 per cent of alcohols calculated as santalol. The West 
Indian oil thus differs substantially from the other varieties 
of oil of sandalwood and is known as amyris oil to differentiate 
it. It is somewhat less expensive. 

Wormseed oil is distilled in America from the seeds and 
leaves of the plant Chenopadium ambrosioides, and in the Levant 
from Artemisia maritima. The American oil is also known as 
chenopodium oil. The American oil contains ascaridol, /?-cymol 
and /-limonene; the Levant oil cineol, pinene, terpenes, terpineoi 
and sesquiterpenes. The colorless to yellow oil has a disagree¬ 
able odor and a burning taste. The U.S.P. grade contains not 
less than 60 per cent and not more than 80 per cent of a fraction 
soluble in acetic acid. It is used in medicine. 

Anise oil or aniseseed oil is obtained by distillation with 
steam from the dried ripe fruit of Piiiipinclla anisiDJi or ////- 
ciidn veruin. It is U.S.P. and contains anethol and methyl 
chavicol. The natural oil is sold as a lead-free U.S.P. grade 
soluble in 3 volumes of 90 per cent alcohol, and is used in 
medicine, liqueurs and perfumes. Chinese and Russian grades 
are quoted. 

Tarragon oil or estragon oil is distilled from a flowering 
herb, Artemesia draetiricidus. It contains substantial amounts 
of methyl chavicol and has an anise-like odor. The colorless 
to light yellow or greenish oil is used largely as a flavoring 
material. 

Sage oil or salvia oil is a yellow to greenish oil distilled from 
the leaves of Sahia officinalis. It contains cineol, pinene and 
thujone, has a sage odor and is used mainly in flavors. Dal¬ 
matian and Spanish types are offered. 

Fennel-seed oil or fennel oil is distilled with steam from 
the dried fruit of Foeniculiun vidgare or sweet fennel. It is a 
U.S.P. product soluble in 1 volume of 90 per cent alcohol. The 
colorless to pale yellow oil has a bitter taste. It varies accord¬ 
ing to source and may contain anethol, fenchone. pinene, cam- 
phene. phellandrene and dipentene. It is used in medicine, 
perfumes and in making liqueurs. 
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Peppermint oil is distilled from the fresh leaves and flowers 
of the peppermint plant, Mentha piperita. The colorless to yellow 
oil darkens on exposure to air. It has a strong odor and taste 
of peppermint, and contains among its many constituents 
menthol and related compounds, pinene, cineol, phellandrene, 
iimonene and cadinene. The U.S.P. grade contains not less 
than 5 per cent of esters, calculated as menthyl acetate, and 
not less than 50 per cent of total menthol, free and as esters. 
Grades sold are natural, redistilled and triple distilled, as well 
as a terpeneless grade of double strength. Peppermint oil is 
an antiseptic and anesthetic because of its menthol content. 
It is widely used as a flavor and odorant and to a minor extent 
medicinally. 

Citronella oil is distilled from a grass such as Cymbopogon 
nardus grown in India, Java and other tropical countries. Im¬ 
portant constituents are geraniol and citronellol. each of which 
may be present in amounts varying from 25 to 45 per cent. It 
is an important source of these materials. Grades sold are 
from Ceylon and from Java. The yellow oil has a pleasant 
odor and is used as a liniment, in medicine, as a perfume, par¬ 
ticularly in soaps, and as an insect repellent. 

Geranium oil or rose geranium oil is distilled from the herb 
of a number of species of Pelargonium. The yellow to green 
liquid has a pleasant rose-like odor and contains geraniol and 
citronellol and their esters. Grades sold are .Xlgerian rose and 
Bourbon. French geranium oil is much more expensive. The 
natural oil is used very widely in perfumery, as is also a syn* 
thetic grade. Terpeneless geranium oil is of about double 
strength. A special, expensive grade is distilled with rose 
petals. 

Rose oil, attar of roses or otto of roses is obtained by steam 
distillation or by enfleurage from rose flowers. The oil may be 
red, yellow or green according to its source, which also affects 
its odor. The natural oil contains 66-75 per cent of geraniol, 
24-37 per cent of citronellol and 17-21 per cent of stearoptene. 
The best quality is from Rosa datmscena. Absolute rose oil is 
extremely expensive. Lower-quality oils are sold as rose* 
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flower oil. Imitation rose oil is also offered. Rose oil is widely 
used for perfumes, rose water, etc. 

'Palmarosa oil is distilled from a grass and is known as 
Turkish geranium oil. The colorless to yellow oil has a rose-like 
odor and occasionally is colored green by the presence of cop¬ 
per. It contains geraniol, geranyl acetate and capronate, and 
dipentene. It is less expensive than Algerian or Bourbon 
geranium oil and is used in perfumery. 

Cajeput oil or cajuput oil is obtained by distillation of the 
fresh leaves and twigs of a species of East Indian tree. It 
contains 50-60 per cent of cineol. The technical grade is green, 
the rectified product sold as U.S.P. X is yellow to colorless and 
soluble in 1 volume of 80 per cent alcohol. It is miscible with 
95 per cent alcohol or ether, and is used in medicine and as an 
odorant. 

Eucalyptus oil is distilled with steam from the fresh leaves 
of the various species of Eucalyptus trees such as Eucalyptus 
globulus. The commercial oil is colorless or }:>ale yellow and 
comes mostly from Australia. Its composition varies with the 
source, but in addition to eucalyptol, as a rule it contains cineol 
and pinene, and sometimes phellandrene, aromadendrol, and 
various other constituents. The U.S.P. grade contains not less 
than 70 per cent of eucalyptol. The oil is quoted on a basis of 
eucalyptol content as 70 per cent, 80 per cent, etc. It is used 
in medicine, in perfumes and as an odorant in industrial 
products. 

Savin oil is distilled from the fresh leaves and twigs of the 
evergreen shrub Juuipcrus sabitia. It contains sabinol, cadinene, 
sabinene and cintronellol. The colorless to pale yellow oil is 
used in medicine. 

Thyme oil is distilled from various species of thyme and 
varies in properties according to the country from which it 
comes. Oil from wild thyme is colorless or golden yellow. The 
red is the French oil. Thyme oil is often adulterated with 
turpentine, which lowers the specific gravity. French 
thyme oil and German thyme oil contain thymol, carvacrol, 
linalool, borneol, cymol and /-pinene. Wild thyme oil con- 
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tains thymol, carvacrol and cyniol. Commercial grades are 
N.F., and technical red and white. 

Savory oil is the essential oil distilled from summer savory, 
Satureia Jwrtmsis, and is used in flavors and occasionally in 
perfumes. 

Parsley oil is a colorless to yellow viscous liquid expressed 
from the seed of Cam in pctrolclcnum. It consists largely of 
apiol or parsley camphor, 1 -ally 1-2,5-dimethoxy-3,4-methylenc- 
dioxybenzene, C 3 H 5 (CH 30 ) 2 CoH This ether is char¬ 

acteristic of the oil. Parsley oil is used in odorants and flavors. 
It is sometimes considered as an oleoresin. 

Sassafras oil is distilled from the bark of Sassafras officinalis. 
It contains about 80 per cent of safrol. 7 of camphor, 0.5 of 
eugenol and 10 per cent of pinene and phellandrene. There is 
a U.S.P. grade. The yellow to reddish oil is used in flavoring, 
medicine and perfumery. An artificial sassafras oil is also avail¬ 
able. 

Valerian oil is distilled from the roots and root-like stems 
of the common valerian plant. Valeriana officinalis. European 
valerian oil contains borneol, pinene, camphenc, esters of 
borneol and valerianic acid, Japanese valerian oil cannot be 
readily distinguished from the European variety. It is used in 
perfumes and as an industrial odorant. 

Bitter almond oil is not to be confused with sweet almond 
oil. the former being an essential oil from Aniygdalus communis, 
the latter a nondrying oil from dried ripe bitter almonds or 
other kernels containing amygdalin. It is freed from fixed oil 
by maceration with water and steam distillation. Bitter almond 
oil is a colorless to yellow refractive liquid, with an odor of 
benzaldehyde, which is the main constituent. The oil is op¬ 
tically inactive or slightly dextrorotatory. U.S.P. oil contains 
not less than 95 per cent of benzaldehyde and not less than 2 
per cent nor more than 4 per cent of hydrogen cyanide. Only 
oil free from hydrogen cyanide is suitable for use as a flavoring 
agent. Aside from medicinal purposes it is used in cosmetics, 
and the cyanide-free grade as a flavor in foodstuflPs and liqueurs. 
The cyanide-free oil is known as bitter almond oil S.A.P. This 
symbol for sans aciduum prussicum means without prussic or 
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hydrocyanic acid. Essential oils from peach kernels and apricot 
kernels are so similar that they are used as adulterants. Arti¬ 
ficial bitter almond oil is henzaldehyde. 

Peach kernel oil is distilled with steam from peach kernels 
from AmygdcUxis per ska, the fatty glycerides having first been 
removed by expression. It is similar to, and used as a substi¬ 
tute for oil of bitter almonds. 

Lemongrass oil or Indian verbena oil is obtained by the dis¬ 
tillation of an East Indian grass, Cymbopogon citratus. The 
yellow to brown oil has a fragrant odor and contains citral, 
geraniol and methyl heptanone. The native oil is sold for use 
in perfumery and in various industrial products as an inex¬ 
pensive odorant. A more expensive rectified grade is also sold 
for similar purposes. 

Verbena oil is steam-distilled from the leaves of Lippia 
citridora or related species. The yellow oil used in perfumes is 
m)t to be confused with Indian verbena oil which is lemongrass 
oil. 

Vetiver oil is distilled from the roots of the East Indian 
grass. J ktk'cria zizauioidcs, cultivated in the tropics and in 
Louisiana. Java vetiver oil contains citral, limonene and ger¬ 
aniol; Reunion vetiver oil or Bourbon vetiver oil contains a 
ses(]uiterpene, a sesquiterpene alcohol and palmitic and benzoic 
acids. It is used as a perfume oil and is sometimes called 
vetivert oil or rhuskhus oil. 

Cypress oil is distilled from the fresh leaves and young 
shoots of the cypress tree, Cuprcssiis scmpcrvircus. Among its 
main constituents are furfurol, pinene, camphene, terpineol, 
cypress camidior and cadinene. Imported grades sell at more 
than double the price of the domestic oil. The pale yellow 
li(]uid is used in medicine, largely as an inhalant. 

Cinnamon oil or cinnamon-leaf oil is obtained by distilling 
the leaves of Cinnanjouium zcylanicum. The oil contains 65-95 
per cent of eugenol, cinnamic aldehyde, safrol, terpenes and 
henzaldehyde. The pale yellow oil has an odor of cinnamon 
and cloves and is used in medicine, flavoring and perfumery. 
Seychelle cinnamon oil has a higher specific gravity but is 
similar to Ceylon cinnamon oil in color, odor, and application. 
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The Seychelle oil is much less expensive. The U.S.P. grade 
contains not less than 80 per cent by volume of cinnamic alde¬ 
hyde. True cinnamon-bark oil is relatively rare, and very ex¬ 
pensive. 

Cassia oil is obtained by distilling the twigs and leaves of 
shrubs or trees known as Cinnamomum cassia and is sometimes 
known as Chinese cinnamon oil. The yellow to brown oil has 
a cinnamon-like odor, which is not as fine as that of cinnamon, 
and a very sweet taste. It contains 65-70 per cent of cinnamic 
aldehyde. It is much less expensive than cinnamon oil and 
should not be confused with the latter, although they are classed 
as the same in the U.S. Pharmacopoeia. A redistilled grade is 
used in flavoring and in perfumery. 

Pepper oil is ordinarily oil of black pepper, the colorless to 
yellow or greenish volatile oil steam-distilled from the unripe 
fruit of Piper nigrum. It is high in plicllandrene and is used 
medicinally. 

Bay oil or bayleaf oil is obtained by distillation from the 
leaves of the West Indian bayl)erry tree, Pimcnta acris. It 
contains eugenol, chavicol and myrcene. The yellow oil is used 
in perfumes, particularly in bay rum. A terpeneless grade is 
also sold which is of about double strength. 

Expressed laurel oil is an ether-soluble solid obtained from 
the fresh fruit of Laurus nobilis. It consists of the triglyceride 
of lauric acid with volatile oil and is a natural fat known as 
bayberry wax, rather than a true essential oil. Distilled laurel 
oil is also known as oil of sweet bay. It is distilled from the 
leaves of the same shrub and is not to be confused with oil of 
bay from a variety of pimento. The oil is soluble in alcohol, 
chloroform or ether and contains pinene, eugenol, and cineol. 
It is used as an odorant. 

Myrtle oil is the yellow to greenish distillate from the leaves 
of Myrtus communis. It contains pinene, eucalyptol, camphor, 
dipentene, etc. and is used medicinally for antiseptic and as¬ 
tringent properties. 

Caraway oil or caraway-seed oil is obtained by the distilla¬ 
tion of caraway seeds from Carum cann. The caraway plant is 
cultivated in various parts of the world including the United 
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States. The oil contains eug^enol, phenol, carvone and d-limon- 
ene. A Dutch grade is sometimes quoted. The colorless oil 
is sold in a U.S.P. X grade soluble in 8 volumes of 80 per cent 
alcohol, for use in medicine, liqueurs and flavors. The oil is 
also used in compounding soap perfume. 

Clove oil is obtained from the flower buds of an East Indian 
tree, Eugenia aroniatica. The yellow oil has a pungent, spicy 
odor and taste. It contains over 80 per cent of eugenol and 
some caryophyllene. The U.S.P. grade contains a minimum 
of 82 per cent by volume of eugenol. It is used in medicine, 
flavoring and perfumery. 

Mustard oil or mustardseed oil is obtained by expressing 
the seeds of the black mustard plant, Brassica nigra. The color¬ 
less to yellow oil becomes brown on exposure to light. It 
contains over 90 per cent of allyl isothiocyanate. Natural, 
expressed, and artificial U.S.P. grades are sold for use in medi¬ 
cine. The U.S.P. grade must contain not less than 93 per cent 
of allyl isothiocyanate. Artificial mustard oil is allyl isothio¬ 
cyanate, CaHf.CNS, obtained from natural mustard oil or by 
the distillation of allyl iodide with an alcoholic solution of 
])otassium thiocyanate. 

Pimento oil or allspice oil is distilled from the berry of the 
allspice tree, Piincnta officinalis. The yellow to brown oil has 
an odor resembling that of cloves. It contains eugenol and 
sesquiterpenes. A somewhat similar oil is obtained from the 
leaf of the same tree. Roth pimento-berry oil and pimento-leaf 
oil are quoted, the latter being much less expensive. These 
oils are used in medicine and in flavoring products. 

Spearmint oil is distilled from the leaves of the common 
garden mint, Mentha spicata. The oil is colorless to pale yel¬ 
low. It contains carvone, limonene and pinene. The U.S.P. 
grade yields not less than 50 per cent by volume of carvone, 
and is sold for flavoring. A terpeneless grade offered is double 
strength. 

Sweet basil oil or basil oil is a yellowish oil distilled from 
the leaves of the sweet basil, Ocinum hasilicuni, a species of 
mountain mint. The oil from Reunion is sometimes dis¬ 
tinguished from the ordinary oil. Ingredients are camphor, 
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pinene, cineol, linalool, etc. It is extremely soluble in alcohol 
and used in flavors, perfumes and medicines. 

Calamus oil is distilled from the rhizomes of sweet flag, 
Acorns calamus. The yellow to brown oil has a saj^onification 
value of 6-20. It contains asarone and eugenol, and acetic, 
oenanthilic, heptylic and palmitic acids. This oil is used in 
medicine and in making perfumes and liqueurs. 

Tansy oil is distilled from the tansy herb, Tanacetum vul- 
gare. It contains thujone, camphor and borneol. The yellow 
liquid becomes brown on exposure to air and is used in medicine. 

Garlic oil is the volatile yellow oil steam-distilled from the 
bulb or clove or the entire plant of Alliion sathnim. It is high 
in complex sulfides. The objectional odor in concentrated 
form becomes a pleasant odor or flavor in small amounts. It 
is very expensive, and used medically and as a flavoring 
material. 

Wormwood oil is distilled from the leaves of a European 
w(X)dy herb, Artemisia absinthium. It contains thujone, its 
acetate, and the alcohol phellandrene, as well as cadiene and 
palmitic acid. The green to brown oil is used in medicine. 

Pennyroyal oil comes from two sources, European and 
domestic. European pennyroyal oil is distilled from the plant 
Menlha pulegium, American pennyroyal oil from the leaves and 
tops of Hedcoma pulegioides. Both oils are yellow, although 
the European oil may be more reddish and show a blue or green 
fluorescence. Both oils have a mint-like odor, and contain 
pulegone. The American oil also contains other ketones and 
free fatty acids; the European also menthol and menthone. The 
domestic is but slightly cheaper than the imported grade. They 
are used in medicine and as an insect repellent. 

Wintergreen oil, wintergreen-leaf oil or Gaultheria oil, is 
distilled from the leaves of the evergreen herb, Gaultheria pro- 
cumbens. The colorless to yellow or red oil is sold as northern 
and southern. The latter is less expensive. It contains 96-99 
per cent of methyl salicylate, the U.S.P. grade not less than 
98 per cent. It is used in medicine, as an odorant, and for 
flavoring. Synthetic wintergreen oil is the ester, methyl 
salicylate. 
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Bergamot oil is expressed from the rind of a pear-shaped 
fruit, Citrus aurantium, which is grown in southern Italy and 
Sicily. Its odor is due to the presence of linalyl acetate and 
related compounds. A terpeneless grade is also available and 
is over twice as strong as the usual quality. The natural oil 
has been largely adulterated because of its high cost. Artificial 
bergamot oil is much less expensive and has much the same 
odor as the natural oil because of its content of linalyl acetate. 
The oil is used in perfumery, particularly in soap perfumes, 
in hair oils and pomades, and in disinfectant products. 

Betula oil, birch oil or sweet-birch oil is obtained by dis¬ 
tillation of the bark and twigs of many varieties of Betula birch 
trees. The yellow to colorless oil resembles oil of wintergreen 
in odor and taste, since methyl salicylate is the chief constituent. 
It is grouped with synthetic methyl salicylate and natural oil of 
wintergreen by the U. S. Pharmacopoeia. Grades are northern 
and southern, rectified and crude. The southern grades are 
much less expensive. It is used like oil of wintergreen in flavor¬ 
ing products and as an odorant. 

Orris oil is a semisolid fatty volatile oil obtained from the 
rhizomes of TV/.s* florcutiua or white flag, a European plant. It 
contains fatty acids and their esters, with irone and unknown 
odorous materials, and is soluble in alcohol, ether or chloro¬ 
form. The quoted grade is as a Florentine concrete at several 
dollars per ounce, which makes it nearly as expensive as a 
Ii(iuid oil. It is used in perfumes and cosmetics. 

Rue oil is the volatile oil from Ruta graveolcns, a yellowish 
to greenish liquid, often fluorescent. It contains at least 90 
per cent of methylnonyl ketone with some of the heptyl com¬ 
pound. It comes from France, Spain, Syria and Northern 
Africa, and is very soluble in alcohol. Medically it is an irritant, 
anthelmintic, rubefacient, antiepileptic, antispasmodic and 
emmenagogue, particularly in veterinary medicine. 

Petitgrain oil is distilled from the leaves, twigs and unripe 
fruit of the bitter orange tree. Citrus blgara<lia. Among its con¬ 
stituents are linalyl acetate, linalool, dipentene, pinene, pyrrol, 
furfural, terpineol, nerol and geraniol. Grades sold include 
Algerian, French and South American, the French being most 
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expensive. A terpeneless grade is about triple strength. It is 
used in odorants. 

Neroli oil is distilled from the fresh flowers of the bitter 
orange, Citrus aurantium. It contains linalyl acetate, linalool, 
geraniol, methyl anthranilate, pinene, camphene, dipentene, 
terpineol, nerol and paraffins. The yellowish fluorescent oil 
turns brown on exposure to light. It has a pleasant, orange- 
blossom odor and a hitter taste, and is used in perfumery and 
flavoring. It is very expensive. Special grades obtained by 
enfluerage are also available. Artificial neroli oil is sold at a 
much lower price. 

Lavender oil or lavender-flower oil is distilled with steam 
from several varieties of lavender blossoms. The yellow to 
green oil has the well-known lavender odor and is used widely 
in perfumery. The usual oil is from French flowers, and con¬ 
tains 30 to 40 per cent of linalyl acetate and lesser amounts 
of linalool, fatty acid esters, geraniol and coumarin. English 
lavender oil contains a smaller quantity of esters than French 
lavender oil and more of other ingredients, so that the odor is 
different. The English oil is the more expensive. Quotations 
are on the basis of ester content such as U.S.P. 50 per cent, 
U.S.P. 38-42 per cent, U.S.P. XI 35 per cent, U.S.P. XI 30 per 
cent, U.S.P. IX 30 per cent and U.S.P. VUI 30 per cent, prices 
varying accordingly. U.S.P. XI lavender oil containing a mini¬ 
mum of 30 per cent of esters calculated as linalyl acetate, is the 
official grade. Terpeneless lavender oil is about double strength. 
Another grade sold as garden lavender oil is conventionally 
an inexpensive imitation. Lavender-spike oil or aspic oil is dis¬ 
tilled from the flowering herb Lavandula sf>ica, and contains 
camphor, borneol and camphene. A Spanish grade is ([noted. 
The yellow oil has an odor which appears to combine that of 
lavender and rosemary. A technical grade is sold. Lavender- 
spike oil is used in veterinary medicine. 

Lavendin oil is a perfume oil with an odor resembling 
lavender and camphor. It is distilled from the flowers of a 
European plant, Lavandula latifolia fragrens, a cross of laven¬ 
der and spike. 
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Chamomile oil or camomile oil is distilled from the flowers 
of the chamomile, the german oil being from Matricaria 
chamomilla and the Roman oil from Antlieniis nobilis. The 
liquid is blue when freshly distilled but becomes brown on 
exposure to light. It is high in esters, and is used medically 
and as an odorant. 

Tuberose oil is a colorless to very light colored oil obtained 
from the common garden flower, Polianihes tuberosa, by en- 
fleurage. It is an expensive perfume oil. 

Jasmine oil is colorless to light yellow, and obtained from 
Jasntinum officinale or Jasminum grandiflorum by enfleurage. 
It is high in benzyl acetate, linalyl acetate, linalool and indol, 
and is an expensive perfume oil. 

Violet oil is a colorless to very light yellow oil derived from 
the violet, such as Viola CHCullala, by enfleurage. It is very 
expensive, and is used in perfumes. 

Jonquil oil or narcissus oil is the colorless or very light oil 
from the flowers of Narcissus jonquilla. It is very expensive 
and is used in perfumes. 

Mimosa oil is a colorless to light yellow oil from the flowers 
of the genus of shrubs known as mimosa. It is expensive and 
used as a perfume oil. 

Oak-moss oil is distilled from oak-moss resin. The light 
yellow and decolorized grades find a place in perfumes to re¬ 
place the resin. 

Cedarwood oil is obtained by distillation of many varieties 
of cedar wood and is also collected as a by-product during the 
manufacture of lead pencils. The oil from the original dis¬ 
tillation has a higher specific gravity than the by-product oil. 
Southern and Oregon oils are sold. The colorless to greenish- 
yellow oil, containing cedrene and cedar camphor, is used in 
medicine, in perfumery, as an insect repellent, and as an indus¬ 
trial odorant. 

True cedarleaf oil is obtained by distilling the leaves of the 
cedar tree, although the leaves of other conifers may often be 
mixed in for commercial production of the oil. Among the 
principal constituents are liinonene, cadinene, borneol and 
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bornyl esters, and pinene. The colorless oil is used in medicine 
and as an odor in commercial products such as polishes. 

Pine-needle oil is obtained by the distillation of pine needles 
from the Scotch fir, Finns sylvestris or Finns montana. That 
from the latter is U.S.P., and known as Oil of Pinus pumulionis, 
the other being known as Oil of Pinus sylvestris. The chief 
constituents are bornyl acetate, limonene, pinene, dipentene, 
sylvestrene and various sesquiterpenes. The U.S.P. grade 
yields not less than 5 per cent of esters calculated as bornyl 
acetate. A Siberian grade is sometimes quoted. The colorless 
to pale yellow oil has an odor of balsam, and is used in medicine 
and in perfumery. 

Turpentine or turpentine oil is an essential oil obtained by 
distillation of the oleoresin called crude turpentine, obtained as 
an exudate from numerous varieties of pine trees, or by steam 
distillation or destructive distillation of the stumps, waste wood 
and small branches of such trees. The latter is called wood 
turpentine to distinguish it from the former or gum turpentine. 
Gum turpentine is considered superior in quality to wood tur¬ 
pentine and commands a price premium. The colorless to yellow 
liquid consists mostly of pinene and has a marked odor. Tur¬ 
pentine dissolves rubber, sulfur, phosphorus and resins. Grades 
sold are gum turpentine—and steam-distilled and destructively 
distilled wood turpentine. The oil is used in paints, varnishes, 
lacquers, as a solvent, and in medicine. In addition to U.S.P. 
oil of turpentine, rectified oil of turpentine is a U.S.P. grade 
distilled from an aqueous sodium-hydroxide solution for in¬ 
ternal use. 

Sulfurated oil of turpentine, Haarlem oil, or Dutch oil is pre¬ 
pared by mixing one part of sulfurated linseed oil with three 
parts of oil of turpentine. The brownish red oil is sold in both 
imported and domestic grades. It is used as an antiseptic. 

Olibanum oil is a fragrant yellow oil distilled from gum 
olibanum. It is also known as oil of frankincense and is used 
as an odorant. 

Spruce oil is distilled from the needles and twigs of various 
varieties of the spruce tree. It contains pinene, cadinene and 
bornyl acetate. The colorless oil is used in medicine. Hemlock 
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oil is similarly distilled from the needles and twigs of the hem¬ 
lock tree and contains pinene, bornyl acetate and sesquiter¬ 
penes. The colorless oil has a pleasant odor resembling balsam 
and is used in medicine. 

Hop oil is distilled from the strobiles of the Humulus 
lupulus. The yellow to green or brown liquid is high in ter- 
penes and geraniol. It has a powerful odor and is used 
medicinally and as a flavor, particularly for tobacco. 

Cascarilla oil is the yellow to green distilled oil from the 
bark of Croton elutria. It contains largely terpenes and is ex¬ 
tremely expensive. The faintly aromatic material has both 
medical and flavor uses. 

Copaiba oil is the inexpensive, colorless to light yellow 
oil distilled from Balsam copaiba. The mixture consists largely 
of complex terpenes and is used in medicine. 

Hyssop oil is the colorless to light yellow oil distilled from 
the herb, Hyssopus officinalis. It is expensive and used medi¬ 
cinally and as a flavor for liqueurs. 

Marjorum oil is the yellow to yellow-green oil distilled from 
the marjorum herb, Origanum marjorana. It contains large 
amounts of terpenes, particularly terpinene. This oil is used 
medically in tonics and industrially in perfumes. It is not to be 
confused with oil of origanum, which is oil of thyme. 

Rosemary oil is distilled from the fresh flowering tops of 
a shrub of southern F.urope and Asia Minor, Roseniarinus 
officinalis. It contains pinene, camphene, cineol, camphor, bor- 
neol and its esters, and sesquiterpenes. The colorless to pale 
yellow oil is sold in U.S.P. and technical grades of Spanish oil 
for use in perfumery and medicine. The U.S.P. grade yields 
not less than 2.5 per cent of esters calculated as bornyl acetate, 
and not less than 10 per cent of total borneol, free and as esters. 
Artificial oil of rosemary is also available, as well as a terpene- 
less grade of triple strength. 

Camphor oil is obtained by distilling the wood of the cam¬ 
phor tree, Cinnamontum camphora, and separating the oil from 
the solid camphor. The composition of the oil is highly variable 
since it is a by-product in the production of camphor. It may 
contain pinene, camphor, cineol, phellandrene, dipentene, safrol 
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and eugenol. White camphor oil is a grade containing the 
lowest boiling portions* used as a turpentine substitute, Sassa- 
frassy camphor oil contains safrol which gives it an odor re¬ 
sembling that of sassafras. It.is used as a perfume in such 
products as soap, polishes and pharmaceutical preparations. 
Camphor oil is also used in medicine and for the manufacture 
of safrol. 

Juniper-berry oil is distilled with steam from the dried 
berries of the Juniper tree, Junipcriis communis. The colorless 
to yellow oil has a bitter taste and may tend to a turpentine- 
like odor. It darkens on exposure to air, and contains pinenc, 
cadinene and camphene. It is a U.S.P. product soluble in 4 
volumes of alcohol. A twice rectified grade is also sold. Oil 
of juniper is used in medicine and in the preparation of liqueurs. 
If used in flavoring gin in the United States, the product must 
be labeled as artificial gin. Terpeneless juniper oil is available 
of about double strength. 

Juniper-wood oil is apt to consist of a mixture of juniper- 
berry oil and turpentine oil or of turpentine oil distilled over 
juniper wood, rather than of the pure distilled oil obtained from 
juniper wood and twigs. The usual composition is therefore 
variable. A technical grade is sold for use in veterinary medi¬ 
cine. 

Cade oil or juniper-tar oil is obtained by destructive dis¬ 
tillation of the wood of the European juniper tree. It contains 
cadinene and pinene. The thick brown oil is sold of U.S.P. 
grade for use in antiseptic ointments and in animal soaps, and 
has a specific gravity of 0.950-1.055 at 25°. 

Cubeb oil is distilled from the nearly full-grown fruit of 
Piper cuheba. It contains cadinene, dij)entene and sesquiter¬ 
penes. The colorless oil is sold as U.S.P. IX, soluble in 18 
parts of 90 per cent alcohol and miscible with absolute alcohol, 
and is used in medicine. 

Nutmeg oil or myristica oil is distilled from nutmegs, the 
.seed of a tree, Myristica fragrens, cultivated in the East and 
West Indies, and in Brazil. The colorless to yellow oil has a 
strong nutmeg odor and spicy taste. It contains myristicin, 
pinene, borneol, terpineol, geraniol, safrol and several fatty 
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acids and phenols. The U.S.P. grade is sold for flavoring and 
for use in medicine. 

Mace oil is distilled from mace, the coating of nutmeg seeds. 
I'he pale yellow oil has an agreeable odor resembling that of 
oil of nutmeg. It contains pinene, dipentene, myristicol and 
myristicin. Distilled mace oil is used in flavoring and in per¬ 
fumery. 

Cognac oil consists largely of ethyl oenanthate or oenanthic 
ether. It is an oily liquid derived from the fermentation of 
grapes. The crude grade is green but when rectified it is color¬ 
less to light yellow. An artificial grade is also offered, prob¬ 
ably of distinctly different constitution. The better grades 
have a pleasant wine odor and are used in flavors and odorants. 

Cardamomseed oil is obtained from the seeds of an East 
Indian herb, Eletcria cardantomum. This expensive oil varies 
in its characteristics according to the locality from which it 
comes. The Malabar oil has a higher specific gravity than that 
from Ceylon but about the same refractive index. Ceylon 
cardamomseed oil contains terpinene. dipentene, acetic esters 
and limonene. Malabar cardamomseed oil contains cineol, 
borneol, terpineol and limonene. The pale yellow oil is used in 
medicine and in making liqueurs. 

Cumin oil is distilled from the fruit of a dwarf plant. Cum- 
inton cyminutn, native to Kgypt and Syria. It contains cymene 
and cumic aldehyde. The oil is used medicinally, and has 
much in common with oil of caraway. 

Erigeron or fleabane oil is distilled from the flowering herb 
Erigcron concidcnsc. The pale yellow oil darkens on exposure 
to the atmosj)here and contains (/-limonene, terpineol and esters. It 
is used as a medicinal, largely for antiseptic purposes. 

Lemon oil is obtained by cold pressing fresh lemon peel. 
The pale yellow oil has a fragrant lemon-like odor and a some¬ 
what bitter taste. It contains rf-Iimonene and citral. U.S.P. 
lemon oil is oI)tained from the fresh peel of the fruit of Citrus 
mciiica, with or without the previous separation of the pulp 
and the peel, and is soluble in 3 volumes of alcohol. California 
and Italian grades are quoted. Terpeneless lemon oil is about 
14-times strength. 
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Lime oil is obtained by distillation or by expression of the 
peel of the West Indian lime, Citrus aurantifolia. The dis¬ 
tilled oil has an unpleasant odor of turpentine and contains 
dAixnonene and terpinene. The more expensive expressed oil 
is golden-yellow in color, has an intense odor resembling 
that of lemon oil, and contains ^i-limonene, citral and methyl 
anthranilate. Both are used to some extent in perfumery and 
in flavoring. Imitation lime oil is also sold, as well as terpene- 
less lime oil of about 16-times strength. 

Grapefruit oil is obtained from the expression of fresh 
grapefruit rind, usually from Citrus maxima. The pale yellow 
oil has a citrus type of odor and is used mainly in flavors. 
Terpeneless oil of about 30-times normal strength is also avail¬ 
able. 

Sweet orange oil may be distilled oil but is usually obtained 
by cold pressing from the peelings of sweet oranges, Citrus 
aurantium. It contains at least 90 per cent of d-limonene, 
with terpenes. The yellow to deep orange or brown oil has an 
orange odor and a mild taste. The U.S.F. grade is expressed. 
The less expensive, distilled oil is sold, as well as the expressed 
oil. The latter is offered according to the origin, as from 
Africa, California, Florida, Messina, and the West Indies. The 
oil is used in flavoring, perfumery and medicine. A terpeneless 
grade about 35-times strength is available. 

Mandarin oil is the yellow oil expressed from the fresh peel 
of the mandarin orange. Citrus yiobilis, grown in semitropical 
regions. It contains esters of anthranilic and methylanthranilic 
acids with limonene. It is moderately soluble in alcohol and 
used as a flavoring ingredient. It is much more expensive than 
orange oils. 

Celeryseed oil is obtained by the distillation of celery seeds 
from Cipium graveolens. It contains limonene, phenols, sedan- 
olide, sedanonic acid and palmitic acid. The greenish yellow 
oil has the taste of celery and is used in flavoring and in 
medicine. 

Dillseed oil is obtained by distilling the fruit of the herb 
Anethum graveolens. The pale yellow oil has a penetrating 
odor and a sweetish taste which becomes sharp. It contains 
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phellandrene, carvone and limonene. Dutch and East Indian 
grades are quoted for use in flavoring and in perfumery. The 
oil is also produced from the weed itself as dill-weed oil. 

Angelica-root oil is an expensive oil obtained from the 
roots of herbs of the angelica family, by steam distillation. 
It contains phellandrene and valeric acid. The colorless oil 
becomes yellow on exposure to the atmosphere. It has a spicy 
taste and is used in liqueurs and in medicine. 

Angelica-seed oil is obtained by steam distillation from the 
seeds of the herb, angelica, and is even more expensive than 
the root oil. The oil becomes yellow on standing. It contains 
phellandrene and valeric acid, is of better quality than the root 
oil, and is also used in liqueurs and in medicine. 

Ginger oil is distilled from the root-like stem of the plant 
Zingiber officinale. It contains phellandrene, /-zingiberene, d- 
camphene, cineol, citral and borneol. The pale yellow oil has 
a somewhat burning taste. It is used in flavoring and in making 
liqueurs. 

Capsicum oleoresin is obtained from the fruit of the tropical 
pepper plant, Capsicum jructescens. It contains fixed oils, 
capsaicin, capsicin and capsicol. The U.S.P. VIII grade is 
sold for use in medicine and flavoring. 

Guaiac-wood oil or champaca-wood oil is a viscous oil with 
an odor resembling that of tea or violets. It is obtained in the 
form of a concrete from varieties of Guaiacuni grown in South 
America, and is used in perfumes. 


Constants for Essential Oils 


Oil 

Linoloe-wood . 

Coriander-seed . 

Viang ylang, Manila .... 
Ylang ylang. Cananga . .. 

Snaker(K)t, Canada . 

Origanum . 

Patchouli . 

I.ovage . 

Ambrette-seed. 

Sandalwood, East Indian 


Specific 

Refractive 

tiravitv 

Index 

at 15° C 

at 20" C. 

0.R70-0.891 

1.460-1.466 

0.870-0.888 

1.463-1.471 

0.930-0.947 

1.491-1.500 

0.908-0.967 

1.480-1.508 

0.951-0.952 


0.898-0.9(>0 

1.495-1.523 

0.96)6-0.995 

1.507-1.513 

1.000-1.040 


0.905-0.917 

1.474-1.480 

0,973-0.985 

1.504-1.509 
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Constants for Essential Oils 


Specific 

Gravity 

Oil at 15** C. 

Sandalwood, West Indian. 0.950-0.970 

Sandalwood, Australian. 0.970-0.973 

Wormseed, American. 0.963-0.990 

Wormseed, Levant . 0.930-0.935 

Anise . 0.980-0.990 

Tarragon . 0.890-0.960 

Sage . 0.915-0.925 

Fennel-seed . 0.965-0.977 

Peppermint . 0.896-0.921 

Citronella . 0.885-0.901 

Geranium . 0.888-0.907 

Rose . 0.823-0.880 

Palmarosa . 0.887-0.900 

Cajeput . 0.917-0.930 

Eucalyptus . 0.867-0.927 

Savin. 0.907-0.930 

Thymie, French or German. 0.905-0.915 

Thyme, wild . 0.873-0.920 

Parsley . 0.900-0.925 

Sassafras . 1.070-1.080 

\’alerian, European. 0.920-0.965 

Valerian, Japanese. 0.960-1.004 

Almond, bitter . 1.045-1.070 

Lemongrass . 0.870-0.912 

Verbena . c. 0.900 

Vctiver, Java . 0.993-1.044 

Vetiver, Reunion . 0.990-1.020 

Cypress, French or Algerian. 0.868-0.884 

Cypress, German . 0.880-0.900 

Cinnamon . 1.044-1.065 

Cassia . 1.055-1.070 

Pepper . 0.870-0.930 

Bay. 0.960-0.985 

Laurel-berry, expressed. 0.915-0.935 

Laurel-leaf, distilled . 0.920-0.930 

Myrtle . 0.890-0.920 

Caraway . 0.907-0.919 

Clove . 1.043-1.068 

Mustard . 1.014-1.022 

Pimento . 1.018-1.048 

Spearmint . 0.920-0.940 

Sweet basil, European . 0.905-0.930 

Sweet basil. Reunion . 0.945-0.987 

Calamus . 0.959-0.972 

Tansy . 0.925-0.935 

Garlic . 1.046-1.057 

Wormwood . 0.901-0.954 

Pennyroyal . 0.925-0.950 

Wintcrgreen, natural . 1.180-1.193 


Continued 

Refractive 
Index 
at 20‘» C. 

1.508-1.513 

1.504-1.507 

1.474-1.484 

1.465- 1.469 
1.544-1.560 
1.516-1.517 (15") 

1.528-1.539 

1.460- 1.468 
1.463-1.475 

1.460- 1.473 

1.460- 1.464 

1.472- 1.477 

1.466- 1.472 
1.449-1.496 

1.473- 1.480 
1.480-1.493 

c. 1.489 
c. 1.530 
c. 1.486 
1.477-1.487 
1.532-1.544 
1.482-1.489 

1.519-1.531 

1.515-1.529 

1.470-1.476 

1.474- 1.480 
1.531-1.540 
1.600-1.606 

1.506-1.520 


1.484-1.488 

1.529-1.537 

1.527-1.529 

1.525-1.536 

1.482-1.492 


1.503-1.510 

1.457-1.462 

1.460-1.474 

1.482-1.488 

1.535-1.536 
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CONSTANTS FUR ESSENTIAL OILS— Continued 


Oil 

Wintergreen, synthetic .. 

Bergamot . 

Betula. 

Orris. 

Rue . 

Petitgrain . 

Neroli . 

lavender-flower . 

Lavender-spike . 

Chamomile . 

Tuberose . 

Jasmine . 

Cedarwood . 

Cedarleaf . 

Pine-needle . 

Turpentine . 

Olibanum . 

Spruce . 

Hemlock . 

Hop . .. 

Cascarilla . 

Copaiba . 

Hyssop . 

Marjorum . 

Rosemary . 

Camphor . 

Juniper-berry . 

Juniper-wood . 

Cade . 

Culjeb . 

Nutmeg . 

Mace . 

Cognac . 

Cardamomseed, Ceylon . 
Cardainomseed, Malabar 

Cumin . 

Erigeron . 

Lemon, California . 

Lime, distilled. 

Lime, expressed . 

Orange, sweet. 

Mandarin . 

Celery-seed . 

Dillseed . 

Angelica-ro<H . 

Angelica-seed . 

Ginger . 

Guaiac-wood . 


Specific 

Refractive 

Gravity 

Index 

at 15° C. 

at 20° C. 

L180-L185 

1.497-1.538 

0.881-0.886 

1.465-1.471 

1.180-1.189 

1.536-1.538 

0.930-0.940 

c. 1.495 

0.833-0.842 

c. 1.434 

0.885-0.900. 

1.459-1.466 

0.870-0.881 

1.468-1.474 

0.880-0.904 

1.458-1.476 

0.900-0.922 

1.464-1.468 

0.905-0.915 

c. 1.445 

1.007-1.035 


1.007-1.018 


0.943-0.964 

1.500-1.510 

0.887-0.900 

c. 1.468 

0.860-0.925 

1.469-1.480 

0.858-0.877 

1.471-1.474 

0.875-0.885 


0.900-0.930 

1.472-1.480 

0.900-0.930 

1.472-1.480 

0.840-0.882 

c. 1.477 

0.900-0.925 

1.491-1.496 

0.895-0.905 (25°) 


c. 0.932 


0.890-0.910 


0.894-0.920 

1.466-1.473 

0.870-1.040 


0.860-0.882 

1.472-1.484 

c. 0.869 

c. 1.471 

0.980-1.055 (25'’) 

1.468-1.504 

0.915-0.930 

1.494-1.498 

0.865-0.925 

1.479-1.488 

0.910-0.930 

1.479-1.488 

0.875-0.885 


0.895-0.906 

1.460-1.470 

0.923-0.941 

1.462-1.467 

0.900-0.930 

1.494-1.507 

0.857-0.868 

c. 1.490 

0.853-0.861 

1.473-1.475 

0.860-0.870 

1.470-1.471 

0.878-0.901 

1.482-1.486 

0.847-0.859 

1.470-1.475 

0.850-0.858 


0.866-0.898 

1.478-1.486 

0.895-0.915 

1.480-1.495 

0.857-0.918 

1.476-1.488 

0.856-0.890 

1.484-1.491 

0.877-0.886 

1.489-L494 

0.965-0.975 (30°) 




















































CHAPTER XXXIV 


NATURAL GUMS, RESINS AND BALSAMS 

Gums, resins, and balsams form a complex group of non- 
crystalline substances. Some of the balsams are called oleo- 
resins but are unlike those described with essential oils in an¬ 
other chapter. Sinc6 they are derived from natural vegetable, 
or occasionally animal sources they overlap, the majority of 
them being mixtures of substances in more than one class. The 
term gum is applied to many of them but not all. For the 
meaning of medical terms given under uses, refer to Appen¬ 
dix B. 

Water-soluble gums are largely the dried saps of vegetation. 
They either swell to a jelly in water to form mucilaginous 
semilic|uids, disperse to form colloidal systems, or dissolve in 
water. While organic, more or less combined magnesium, 
calcium and potassium may be present. In general the gums 
are largely carbohydrates. Some are glucosides formed by 
combination of an organic acid with sugars. In connection with 
natural gums also see Irish moss, carob seed, agar agar, quince 
seed, locust kernel, locust bean, gelatin, and pectin in other 
chapters, as they have similar properties. 

Natural resins are also largely exudates from trees or plants, 
but are not water-soluble. .Shellac is an exception, an excretion 
of an insect. Some dissolve in alcohol to form spirit varnish, 
others by heating become soluble in linseed oil, giving com¬ 
positions which, cut with turpentine and petroleum solvents, 
are resin varnishes. In the latter case the resins are called 
varnish resins. Some are obtained from trees and are called 
gum resins. Others are found buried in the earth, from past 
ages. The latter are known as fossil resins. Oleoresins are 
mixtures of volatile oils and resins, and have been classed with 
the volatile or essential oils to which they are related. Lest 
the problem seem simple, natural resins may be mixtures of 
water-soluble gums and resins. The substances which because 
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of elasticity have the properties of chewing gum, fall in this 
class. A balsam is ordinarily a liquid or a soft solid and con¬ 
sists of resin and volatile oils, often associated with vanillin, 
benzoic acid, etc. But this class, too, is merely a shading off 
from other classes. 

Gum tragacanth is a hard and brittle gum obtained as an 
exudate from various species of Astragalus tree growing in 
eastern Europe and Asia. Starch grains are present. Hydrol¬ 
ysis produces arabinose, galactose, geddic acid and an insoluble 
portion, bassorin. Gum tragacanth swells in water rather than 
dissolving, a thick dispersion being produced with less than one 
per cent of the high-quality material. A clear solution is not 
obtainable. Commercial grades are yellow to white in color 
and are sold by number from 1 to 6. The gum is also sold as 
Turkish or Aleppo. There is a U.S.P. grade meeting specific 
tests for quality. Flake and dust are sold but the best grades 
of tragacanth are in ribbon form. In general, finely ground 
tragacanth rarely gives as good dispersions as are obtained 
with the ribbon grades. Gum tragacanth is very generally used 
as a thickener for aqueous liquids and is permissible in food 
products. IVoducts in which it is used range from calico- 
printing fluids to flavoring substances, from leather dressings 
to adhesives, from hair-waving liquids to soups. U.S.P. traga¬ 
canth mucilage contains 6 grams of gum tragacanth and 18 
grams of glycerine ])er 100 grams of aqueous mixture. 

Gum karaya or Indian gum is obtained from Sterculia cam- 
punulata and several other East Indian trees. It is best de¬ 
scribed as a low grade of gum tragacanth and tends to be 
highly colored. Grades are XXX, XX, and numbers 1 and 2. 
It is used as a substitute for gum tragacanth and displaces it 
wherever possible, since its cost is about one-tenth that of 
tragacanth. 

Gum arabic or gum acacia is the gummy exudate obtained 
from Acacia Senegal, cicada arabica and other species of acacia. 
These grow throughout the tropics and belong to the mimosa 
family. The gum is produced in various parts of the world 
and varies from yellow to white according to quality. It is one 
of the most important products of the Sudan, being only ex- 
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ceeded in volume of production by cotton. Gum arabic is com¬ 
posed essentially of the calcium salt of arabic acid, and on 
hydrolysis yields arabinose, galactose and arabinosic acid. 
Grades sold are amber sorts, cleaned, white sorts, numbers 1 
and 2, and powdered. The gum is used as an emulsifying agent, 
in pharmaceuticals, adhesives, ink, in the printing of textiles 
and for many miscellaneous purposes. U.S.P. gum acacia yields 
not more than 1 per cent of water-insoluble residue, not more 
than 4 per cent of total ash, not more than 0.5 per cent of acid- 
insoluble ash, and not more than 15 per cent of moisture. U.S.P. 
acacia mucilage contains 35 grams of acacia and 0.1 gram of 
sodium benzoate per 100 cc. of aqueous mixture. It is a common 
excipient for pharmaceutical tablets. 

Gum Senegal is a variety of gum arabic obtained from the 
vicinity of Senegal in French West Africa. Grades sold are 
picked and sorts, at prices close to those of gum arabic. Uses 
are similar. 

Gum ghatti is a low grade of gum arabic obtained from the 
Dliaz^a and related trees of India and Ceylon. It is sometimes 
called British Indian gum, not to be confused with Indian gum 
or karaya. It occurs as yellowish tears. Soluble and superior 
grades are sold, the soluble being the more expensive. Its cost 
is less than half that of acacia and it is largely used to replace 
acacia. 

Gum talha, talco gum, Suakin gum or gum savakin is a 
brittle variety of gum arabic obtained from the North African 
acacia trees, Acacia stenocarpa or Acacia seyaL It is lower in 
price and quality but used for purposes similar to those of gum 
acacia. 

Gum copal is a general name applied to types of resins which 
may be hard or soft. In general the term is applied to soft 
nonfossil resins and excludes such types as kauri, but these are 
also sometimes called copals. The varied tropical habitats lead 
to confusion of names due to copals being sold under the name 
of the district in which gathered, or the seaport from which 
shipped. It is even said that resin from the same region may 
in part go through one port, in part through another, so that 
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the same resin can become two clifTerent varieties of copal 
according to chance. 

Congo copal is the broadest classification ranging from 
water-white transparent through 26 grades by number, to pale 
dust. Grades are by color and form, such as straw, amber, 
etc.; bold, nubs, sorts, fingers, chips, etc. Prices vary widely 
between the best, the usual average varieties and the cheapest. 
Batu copal comes from the Batu Islands of the Dutch East 
Indies and is of relatively low grade, bold scraped, bold im- 
scraped, nubs, chips, and dust. It is related to damar. Macassar 
copal is from a port on the Island of Celebes in the Malay 
archipelago. It contains some fair grades, running from pale 
bold, nubs and chips to dust. Singapore copal is from that port 
at the tip of the Malay peninsula. It is similar to Macassar 
but of slightly lower grade. Manila copal is of complex classi¬ 
fication including Philippine manila, Bocas, Loba, .^ambas and 
spirit-soluble, in many lettered or descriptive grades. Pontianak 
copal is from a port in Borneo and is of relatively good quality 
as compared with other East Indian copals. 

With the multitude of varieties, a statement that soft copals 
are soluble in ether or alcohol will have its exceptions, if to no 
greater extent than from the contaminants in many grades. 
Hard copals are soluble in linseed oil or turpentine after heat¬ 
ing. As a matter of fact, copals differ from each other more 
than do many other individual gums of dissimilar name. It 
follows that description of a gum as a copal is merely a general 
statement unless more details are furnished as to type, grade, 
etc. Among the many uses of copals are for the manufacture 
of varnishes, lacquers, sizes, plastics, cements, etc. 

Gum Yacca is a West Indian gum having the general prop¬ 
erties of a copal and sold in lump or powdered forms. 

Shellac is a resin obtained as an excrescence on the small 
twigs of several species of trees in the East Indies. It is pro¬ 
duced as an excretion of an insect. Coccus lacca, which uses 
the t>vigs as a source of food. The constitution is complex. 
Natural shellac is purified by melting and pressing through 
crude bags of fabric. At least one plant purified by modern 
engineering methods. Orpiment, arsenic sulfide, is often added 
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in crude refining as a pigment to improve the color. Grades of 
orange shellac vary upward from T.N. through superfine, a 
slightly better grade, to D.C., VSO, Diamond, etc., reaching 
nearly double the price of the cheapest grade. Garnet lac is 
a grade of unbleached shellac in particles resembling natural 
garnets. 

Refined shellac has had the wax removed by dissolving the 
alcohol-soluble portion. While ordinary shellac is described as 
soluble in alcohol it gives an opalescent liquid rather than a 
clear, transparent solution, wax being suspended as a dispersed 
colloid. This is quoted at about double the price of the T.N. 
grade. Bleached shellac is produced by dissolving shellac in 
aqueous alkali and bleaching with sodium hypochlorite. It is 
then precipitated by neutralization. The product is sold on a 
bone-dry basis. Some grades become insoluble in alcohol due 
to reaction, with oxygen from the air. 

Shellac varnish is a solution of shellac in alcohol. It is 
graded by the number of pounds dissolved or cut in each gallon 
of alcohol. Thus white or orange shellacs are sold in 5-, 4^- or 
4-pound cuts. Aside from its use in spirit varnish, shellac is 
used in its various grades in lacquers, plastics, insulating ma¬ 
terials, phonograph records, sealing wax, ink, rubber com¬ 
pounds, as a grinding agent, as a stiffening agent in millinery 
and for many other purposes. On heating It gradually poly¬ 
merizes to become insoluble. 

Gum rosin or colophony is obtained as an exudate, mixed 
with a volatile oil, by the incision of coniferous trees. The 
volatile oil, turpentine, is distilled off, leaving the amorphous 
solid resin. Gum rosin is yellow to black and has a specific 
gravity of about 1.08 at 25®C. Its production is largely limited 
to the United States. Rosin is soluble in alcohol, ether, ben¬ 
zene, glacial acetic acid and many oils. It dissolves in aqueous 
alkalies by reaction to form soaps. Rosin consists of 80-90 
per cent of abietic acid with 5-6 per cent of its anhydride and 
some other complex acids. There is a U.S.P. standard of acid 
value over 150 and ash not more than 0.05 per cent. Grades 
are based on color as established by government standards, the 
darkest being grade B, then varying through D, E, F, G, H, I, 
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K, M, N, WG, WW to X. Sale is on the basis of quotations 
in barrels, which have a gross weight of 280 pounds, a net of 
about 235 pounds. 

The darker products are used for making linoleum, rosin oil, 
and dark varnishes. The next series is used in making size for 
paper. Lighter grades are consumed in soap manufacture. The 
lightest grades are used for making light varnishes, adhesives, 
as a soldering flux, and in munitions. Rosin is also used to 
make resinates of lead, cobalt, etc. used as paint driers, in seal¬ 
ing wax, plastics, a synthetic resin in the form of the glyceryl 
ester called ester gum, and various other products. In general, 
varnishes containing much rosin are of inferior quality. 

Wood rosin is similar in composition, properties and uses 
to gum rosin. It is obtained by extraction, steam-distillation 
or destructive distillation of the stumps and roots of long-leaf 
pine, left from lumbering. The wood rosin remains on dis¬ 
tilling the turpentine from the first distillate. It has a higher 
specific gravity than gum rosin. Usual grades are FF, I, K, M, 
N, WG and WW. Because of uniformity of quality and de¬ 
pendability of supply, the price has become as high as that of 
gum rosin. 

Gum kauri is a colorless to brown fossil resin found in the 
ground where the kauri tree, a New Zealand timber tree, has 
grown. It is sometimes known as a hard copal resin to dis¬ 
tinguish from the soft copals. The resin is almost insoluble 
in solvents and oils except by heating with turpentine, linseed 
oil or petroleum spirits. Brown kauri is sold as XXX, BX and 
Bl, B2 and B3, varying in price by 300 per cent. There is also 
an 80 per cent chip grade. Similarly, pale kauri is sold as XXX, 
1, 2 and 3 with similar price variations. Gum kauri is used in 
many types of varnish and as a substitute for amber. 

Amber or gum amber is the fossil resin from the extinct 
pines of the oligocene period. It is found in Scandinavia and 
on the shores of the Baltic Sea, and consists of oxidized resin¬ 
ous materials. Amber is yellow to red or brown, and may be 
semitransparent. It is used in the preparation of succinic acid, 
for distillation of oil of amber, and for pipe bits, ornaments, etc. 

Gum dammar or gum damar is a yellowish white resin con- 
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taining substantial amounts of wax, obtained from various 
evergreen trees of East India, the Philippines, Australia and 
New Zealand. It is soluble to give an opalescent solution in 
alcohol, ether, chloroform, carbon bisulfide and turpentine. The 
usual form is as roundish or irregular masses. It is semi¬ 
transparent and of varying hardness according to the amount of 
volatile oil present. Batavia dammar is sold in several grades 
by letter. Singapore dammar is sold as numbers 1, 2 and 3, 
chips, dust and seeds. The variation in price and quality from 
the high to the low grades is very great. For some purposes 
dammar is dissolved in solvents, filtered, and the solution 
evaporated to give dewaxed dammar. Gum dammar is used in 
making colorless varnish and lacquer, and related products. 
Dammar is applied to animal and vegetable specimens in the 
form of a solution for their preservation. 

Dragon’s blood is a resin which exudes to the surface ot 
the fruit of the Malayan rattan palm or of other species of 
Calamus. The dark red amorphous solid is sold as a mass or 
in the form of thin reeds, and is odorless. It is soluble in 
alcohol, ether, chloroform and many types of oils. Dragon's 
blood is used as a pigment for coloring varnishes, paints, lac¬ 
quers, dentrifrices, polishes, papers, plasters, stoneware, etc. 
and in photoengraving. 

Gum guaiac or resin guaiac is a resin obtained from the wood 
of various varieties of Guaiamm trees growing in the West 
Indies and tropical America. It occurs as brown or greenish 
brown irregular lumps, soluble in alcohol, ether, acetone, chloro¬ 
form and aqueous alkalies. This gum contains about 70 per 
cent of guaiaconic acid, 10 per cent of guaiaretic acid and 15 
per cent of resin. Resin and the strained gum are sold for 
medicinal use, and some use in varnishes. 

Gum mastic is a yellowish or greenish transparent resin ob¬ 
tained by incision of a type of balsam tree, Pistacia Icntiscus, 
grown in the Mediterranean region. It is soluble in ether or 
acetone, almost entirely soluble in alcohol, and partly in oil 
of turpentine. About 2 per cent of volatile oil is present. It 
is used in medicine, dental cements, plasters, varnishes, lac¬ 
quers, adhesives, chewing gum and incense. 
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Gum sandarac is a yellow, translucent, faintly aromatic 
resin obtained from a tree, Callitris qmdrivalvis, growing in 
Morocco. It enters the market as brittle, elongated tears. Gum 
sandarac is soluble in alcohol, ether, amyl alcohol and hot 
aqueous alkalies. It is partially soluble in many solvents such 
as choloroform and turpentine. This gum contains about 1 
per cent of volatile oil; the balance is largely complex acids. 
It is used in incense, varnish, lacquer and dental cement. 

Gum scammony is a resin obtained by exudation or by 
alcohol extraction of the thick root of a twining species of 
Convolvulus Scammonia native to Asia Minor. It is an ex¬ 
pensive material as compared with other resins, and is used in 
medicine as a purgative, hydragoguc and cholagogue. 

Benzoin, gum benzoin or benzoin resin is a mixed balsam 
and resin. Siam benzoin comes from Siam and nearby countries 
and is from the Styrax hemsoin tree. It is of higher quality 
and usually lighter color than that from other sources. Sumatra 
benzoin is from Sumatra, Java and vicinity and is from other 
varieties of Styrax. It is definitely inferior and sells for 10-20 
per cent of the price of the Siam grade. Benzoin enters the 
market as yellow to brown tears or compacted masses of tears, 
the centers usually being of lighter color than the surfaces. 
The U.S.P. grading requires that Siam Benzoin contain not 
less than 90 per cent of alcohol-soluble extractives, not over 
0.5 per cent of acid-insoluble ash and not over 1 per cent of 
foreign organic matter. The Sumatra grade must have not 
less than 75 per cent of alcohol-soluble material and not over 1 
per cent of acid-insoluble ash. Benzoin contains up to 40 per 
cent of free and combined benzoic and cinnamic acids, small 
amounts of vanillin and ethereal oils, and a resin esterified with 
benzoic acid. It is used medicinally and in cosmetics, per¬ 
fumes, etc. Use may be as a preservative due to its benzoic 
acid content. 

Tincture of benzoin is the solution obtained from 200 grams 
of benzoin in alcohol to make one liter. Compound tincture of 
benzoin correspondingly is made from 100 grams of benzoin, 
20 grams of aloe, 80 grams of storax and 40 grams of Tolu 
balsam, made up to 1 liter with alcohol. 



438 


CHEMICALS OF COMMERCE 


Podophyllin or resin podophyllum is an expensive resin 

extracted with alcohol from the root stock of the May apple 
or mandrake, Podophyllum peltatum, concentrated and pre¬ 
cipitated with water and 0.1 per cent hydrochloric acid. The 
procedure for extraction is a U.S.P. standard. It occurs as a 
greenish yellow to brown powder or as small lumps, and 
darkens on exposure to light. The resin is very irritating 
to the eyes and to mucous membranes. It is soluble in alcohol 
with only a faint turbidity, and in aqueous alkalies. About 
75 per cent dissolves in ether and 65 per cent in chloroform. 
The constitution is very complex. It is used in medicine as a 
cathartic and cholagogue. 

Gum opium is a gum resin obtained as a milky liquid by 
incision of the unripe fruit of the opium poppy, Papavar sanini- 
jerum, grown in various parts of eastern Europe, Asia and Asia 
Minor. The liquid dries to a brown mass. In the normal moist 
condition it contains around 10 per cent of anhydrous mor¬ 
phine, the U.S.P. standard requiring not less than 9.5 per cent. 
Codeine is also present with many nonnarcotic substances. The 
moist material is plastic but becomes hard and brittle or tough, 
on drying. It has a characteristic odor. The U.S.P. grade is 
sold in masses, which are generally flattened spheres with 
fragments of leaves adhering. It is used in medicine as a 
narcotic, sedative, anodyne, antispasmodic, hypnotic and 
diaphoretic, and for the preparation of alkaloids. Granulated 
opium is a U.S.P. product produced by drying gum opium 
below 70° C. and granulating, all passing a 16-mesh screen and 
not more than 10 per cent passing a 60-mesh screen. It is used 
medicinally. Powdered opium is a U.S.P. grade similarly pre¬ 
pared and reduced to a fine powder. It contains 10-10.5 per 
cent of anhydrous morphine. It is used medicinally. Denar- 
cotinized opium or deodorized opium is powdered opium from 
which narcotine has been extracted with petroleum ether. It 
is used medicinally, avoiding some of the disagreeable efiPects 
of opium. 

Camphor gum or camphor is a colorless or white crystalline 
solid with a characteristic pungent odor, slightly soluble in 
water but readily soluble in alcohol, ether or other organic 
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solvents. Several products appear under the name of camphor, 
hut it should be applied only to oxygenated derivatives of 
terpenes and sesquiterpenes. Structurally camphor is a ketone 
and diflPers from the usual gums in being crystalline. In use it 
is more closely related to other gums than to ketones. The 
most important is Japan or laurel camphor obtained by steam 
distillation of twigs of the camphor laurel, Cinnamomum cam- 
phora, which grows in several countries in the Far East. The 
distillate is separated into a liquid or camphor-oil fraction, 
and the solid camphor gum by fractional distillation, by freez¬ 
ing out the solid material or by chemical means. The crude 
camphor is purified by sublimation in the presence of quicklime 
and charcoal. Borneo camphor, thymol camphor, mint cam¬ 
phor and Buchu camphor are slightly diflFerent chemically from 
Japan camphor, and are obtained from other species of trees. 
Synthetic camphor has the same structure as Japan camphor 
and is prepared from the pinene of turpentine oil. Artificial 
camphor is pinene hydrochloride, an intermediate in the syn¬ 
thesis of camphor, having a camphor-like odor. 

Natural camphor is sold in powder form, in slabs, and in 
tablets, the latter being the most expensive. Synthetic camphor 
is a little less expensive than the natural and is sold in powder 
form and in tablets. The U.S.P. grade includes natural and 
synthetic, and melts at 174-177®C. Camphor is used mostly 
as a plasticizer in making celluloid and other plastics. It is 
also used in making smokeless powder, and to some extent in 
medicine as a counterirritant and antiseptic. 

Camphor monobromate is a colorless or white solid in¬ 
soluble in water and slightly soluble in alcohol, ether or chloro¬ 
form. It is prepared by the reaction of camphor with bromine. 
The U.S.P. IX product quoted is about three times as expensive 
as natural camphor. It is used in medicine as a sedative and 
antispasmodic. 

Aloe or aloes is obtained as a dried juice from the leaves of 
various species of the Aloe plant, which belongs to the lily 
family. Socotrine aloe is from Aloe perryi, Curacoa aloe from 
Aloe vera, and Cape aloe from Aloe jerox. Aloe is sold in the 
form of orange to dark brown resin-like masses, according to its 
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origin; Barbados, Cape, Curacao, Curacao-gourds and Soco- 
trine. The grades differ widely in price. According to U.S.P. 
standards, aloe must not contain more than 4 per cent of ash 
nor 10 per cent of moisture, and must contain not less than 
SO per cent of water-soluble material. Its uses are medicinal 
as a laxative, emmenagogue and bitter tonic. 

Burgundy pitch is a yellow to brown brittle resin obtained 
as an exudation from Norway spruce, F^icca abies. Synthetic 
mixtures having similar properties are also sold as imitation 
Burgundy pitch, because of the relatively high price of the 
natural product. A resin from silver pine is also sold as 
Burgundy pitch, but differs in that it is soluble in ether and 
chloroform, while true Burgundy pitch is only partially soluble 
in these solvents. Domestic and imported grades are quoted, 
the domestic being at approximately half the price of the im¬ 
ported. Burgundy pitch is soluble in alcohol, acetone or 
acetic acid. The aromatic material is used as an ingredient of 
medicinal plasters and has miscellaneous varied applications, 
including that of rubber compounding. 

Natural musk is the dark brown to black dried secretion 
from the sac located under the skin of the abdomen of the 
male musk deer, Mosclius moschiferus. The deer are native in 
Thibet and Northern Asia. The contents of musk are muskone, 
cholestrin. fats, waxes, etc. It is quoted as Tonqiiine in pods, 
the natural sacs, or at a higher price wlien removed and grained. 
Medically it js a nervine, anodyne, aphrodisiac, antispasmodic 
and stimulant. The major use is industrial as a fixative and 
odorant in perfumes. For industrial use synthetic musks are 
also quite generally used. The latter are classified with or¬ 
ganic nitro compounds. 

Castoreum or castor consists of the dried perineal glands 
with their secretions, obtained from the common beaver. Castor 
fiber. The follicles are in pairs of club-shaped wrinkled black 
sacs weighing 25-100 grams. The contents are brown, hard 
and friable. About half of the contents is soluble in alcohol. 
The odor is acrid and characteristic. The resin constitutes 40- 
70 per cent of the composition, with the balance consisting of 
organic acids, cholesterin, etc. A synthetic orange to brown 
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creamy paste is sold at a price often higher than that of the 
natural product. Castoreum is used in medicine as an anti- 
spasmodic, emmenagogue, nervine and stimulant. A more im¬ 
portant use is in perfumery as a fixative. 

Civet is an unctuous yellow to brown solid with an un¬ 
pleasant odor. It is secreted by glands at the posterior of 
the civet cat, Viverra civettay native to Africa and the East 
Indies. The mixture is only partially soluble in organic sol¬ 
vents and is high in oils and resins. It is used as a perfume 
fixative. 

Asafetida or gum asafetida, is a soft gum resin obtained 
from cuts in the living roots of various species of Ferula which 
grow in Persia, Turkestan and Afghanistan. The gum has an 
odor and taste similar to that of garlic. It gives a milky 
extract when triturated with water. The gum contains 6-17 
per cent of ethereal oils, 40-60 per cent of resins, 25 per cent 
of water-soluble gums with some vanillin and ferulic acid. The 
U.S.P. standard requires not less than 50 per cent to be soluble 
in alcohol and not more than 15 per cent of acid-insoluble ash. 
Asafetida is sold in the form of tears or dark-colored masses, 
or in a more expensive powdered form. Uses are in medicine 
as an antispasmodic and nervine, and in the East as a condiment. 

Gum ammoniac or gum ammoniacum is a gum resin exuded 
from the stems of tlic perennial ammoniac plant, Dorema am- 
moniacum, which grows in Persia, Northern India and South¬ 
ern Siberia. The product appears in the form of opaque 
rounded tears. They are soft when warmed but ])rittle when 
cold. The outside is generally yellow to brown, the inside 
nearly white. The product also appears as irregular pieces 
which are usually darker in color. Gum ammoniac is partially 
soluble in water, alcohol or ether, and consists of a mixture of 
65-70 per cent of resin, 1-2 per cent of volatile oil, and the 
balance, water-soluble gums, salicylic acid and resinotanol. It 
forms emulsions with water and is used medicinally as a 
diaphoretic, emmenagogue, diuretic, stimulant and expectorant, 
and in porcelain cements. 

Gum olibanum or frankincense is a fragrant gum resin ob¬ 
tained from various Egyptian and ICast African BosivcUia trees. 
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It contains 3-7 per cent of volatile oil, 60-70 per cent of resin, 
and 27-35 per cent of gum. Gum olibanum is sold in the form 
of siftings and tears. The term gum thus, is sometimes applied 
to this material but the present trade use applies that term to 
another product. The gum is used in making incense, fumi¬ 
gants, perfumery, and plasters. 

Pine oleoresin, when separated from contaminants, is neu¬ 
tral as to reaction on metals, and noncrystallizing. It can be 
classified as a blend of rosin and turpentine, sometimes mar¬ 
keted as gum thus. That term is also applied to gum olibanum. 
The usual form is fused in barrels much the same as rosin. 

Gum myrrh is a yellow to brown aromatic gum resin sold 
in the form of tears or irregular particles and obtained from 
the myrrh trees, Commiphora abyssinica, of East Africa and 
Arabia. It contains 2-8 per cent of volatile oil. 25-40 per cent 
of resin, myrrhin, and the balance largely gum. It has a charac¬ 
teristic odor and acrid taste. The U.S.P. grade is sold, a 
standard requiring 30 per cent solubility in alcohol and not more 
than 5 per cent of acid-insoluble ash. It is used in tonics, in 
dentrifices, perfumery, cosmetics, incense and for many mis¬ 
cellaneous purposes. 

Gum kino is a red to black gum resin obtained from various 
trees growing in western Africa, East India, Ceylon and Bengal. 
Without purification, it is about 45 per cent alcohol-soluble and 
80 per cent water-soluble. In 90 per cent alcohol it dissolves 
slowly and incompletely. Over 70 per cent is kinotannic acid, 
the balance largely gum. The U.S.P. grade contains not less 
than 60 per cent of alcohol-soluble extractives, and at least 75 
per cent of water-soluble extractives. It has astringent prop¬ 
erties, as would be expected from the tannin content, and is 
used in medicine, to a lesser extent in tanning and dyeing, and 
in textile treatments. 

Gamboge or gum gamboge is a gum resin obtained from 
various related Garcinia trees grown in East India and China. The 
best grade is from Singapore and Canton. The gray to orange- 
brown gum becomes bright yellow when powdered, and is 
soluble in acetone, alcohols, benzene or ether. It contains 
70-80 per cent of resin and 15-25 per cent of gum. Gamboge 
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IS sold in ‘^pipe” and powdered form, for use in medicine, and 
as an artists’ paint pigment. 

Gum galbanum is a yellow to brown aromatic gum resin 
obtained from various species of Ferula growing in Persia. It 
contains 5-10 per cent of volatile oil, about 20 per cent of gum 
and about 60 per cent of resin. This gum resembles asafetida 
and is used in perfumery and in medicine. 

Euphorbium or gum euphorbium is a yellow to brown, acrid 
gum resin obtained from Euphorbia resinfera, native to Mo¬ 
rocco. The tears are soluble to about 60 per cent in alcohol, 
about 55 per cent in ether, about 32 per cent in water, and almost 
completely in glacial acetic acid. It contains about 25 per cent 
of calcium malate, the balance complex substances such as 40 
per cent of euphorbone. Euphorbium is used externally as a 
vesicant, largely in veterinary medicine. 

Gumelemi is an oleoresin obtained from Canarium commune 
and related trees of the Philippine Islands. It is soluble in hot 
alcohol, ether, turpentine or chloroform. Gum elemi enters 
the market as soft, yellowish, transparent, granular masses. 
When cold it is friable. It has a fragrant odor of a terpene 
nature and contains 20-30 per cent of volatile oil. The gum is 
used as a perfume fixative and in varnishes, lacquers, inks and 
related products. It is also used medicinally in plasters and 
ointments. 

Oak-moss resin is light yellow in color and extracted from 
either of two varieties of lichens, Evernia prumastri or Evernia 
jurfuracea, which grow on oak trees. It is obtained largely in 
France and Italy, and is used as a perfume fixative. 

Rubber or caoutchouc is a polymeric hydrocarbon contain¬ 
ing some resin, which enters the market as an elastic solid. It 
comes from various varieties of Hevca as rubber latex, a milky 
sap, and is closely related in use to the resins. While latex is 
a general term for the milky sap of a tree or shrub and nearly 
all types contain more or less rubber, the term by custom means 
that of the rubber tree. Rubber latex has many uses as an 
adhesive and impregnating agent as well as in the production 
of rubber articles by electrodeposition, dehydration on porous 
porcelain, etc. It enters the market as the natural latex con- 
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taining 38-40 per cent of rubber, about 3 per cent of proteins, 
4 per cent of resins and 0.5-1.0 per cent of ash. Ammonia has 
usually been added to prevent coagulation. Other prepared 
forms of latex have had the rubber prevulcanized, or have been 
concentrated to as much as 70 per cent rubber, usually with 
sodium soaps added to prevent coagulation. 

Plantation rubber is from planted trees, the latex being 
usually coagulated with acetic acid, sulfuric acid or alum solu¬ 
tion. It may also be smoked. Varieties reaching the market 
are smoked sheets, latex crepe, brown crepe, etc. Wild rubber 
is usually coagulated by heat, although crude chemical methods 
are sometimes used. Numerous varieties of Para, Caucho, 
African rubber, etc. enter the market. The wild may appear 
as balls or irregular pieces. The term of hevea rubber is often 
applied to the various forms of true rubber. 

In general, plantation rubber is from the Malay States, 
Sumatra and Java, wild rubber from South America or Africa. 
Rubber is largely soluble in carbon bisulfide and swells in many 
organic solvents such as benzene. It is an important tonnage 
material for automobile tires, rubber mats, sanitary goods, etc. 
Such products are vulcanized with sulfur, relatively small 
amounts giving elastic and flexible products such as rubber 
bands or rubber gloves, large amounts of sulfur giving hard 
rubber or ebonite such as used in storage battery cases. All 
gradations are possible. In vulcanization, synthetic organic 
compounds, usually amine derivatives, are added as vulcaniza¬ 
tion accelerators. Other compounds added to prevent deteri¬ 
oration are known as antioxidants. The natural rubber con¬ 
tains proteins and resins which serve as natural antioxidants. 
In the coagulation of latex these are largely eliminated. They 
are still present in wild rubber obtained by the drying of rubber 
latex. Some rubber items such as bathing caps and aprons are 
of acid-cured rubber vulcanized by sulfur monochloride vapor. 

Aside from sulfur, antioxidants and vulcanization-accelera¬ 
tors. commercial rubber articles usually contain pigments, often 
carbon black, and softeners such as stearic acid, pine oil, etc. 
Commercially reclaimed rubber is the residue when tire car¬ 
casses and other scrap rubbers are treated with sodium hy- 
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droxide solution under pressure to destroy cellulose fibers. 
This is worked on rolls with pine oil or other softeners to the 
consistency of natural rubber and used as an ingredient of 
rubber mixes. There are also other rubber reclaiming processes. 
A grade of reclaimed rubber containing cotton fibers is also 
an article of commerce. 

Guayule rubber is not from latex but from a shrub growing 
in the desert regions of the southwestern United States, which 
yields the rubber as strands included within its stem. Guayule 
rubber is high in resin content as compared with hevea rubber 
and is used in compounding rubber mixes. From this, rubber 
shades off into a series of gums with high resin contents and 
usually some rubber hydrocarbons or related materials. 

True synthetic rubber as such is not a commercial product, 
but varied related resinous materials are discussed as synthetic 
resins. Some materials imported in minor amounts are in¬ 
correctly called synthetic rubbers, incorrectly so because the 
composition is not identical with that of rubber. So-called 
rubber substitute or factice is discussed under fatty oils, from 
which it is derived. 

Gutta percha is a term applied to a rubber-like substance 
produced by coagulation of the latex of Palaquium gutta which 
grows wild in Malaya, Sumatra and Borneo. It was formerly 
tapped from the tree but is now largely obtained by extraction 
from the leaves. The quantity of true gutta percha available 
is strictly limited and is classified as red Macassar gutta percha. 
Some comes from other varieties of the Palaquium family but 
often is from other species. Inferior varieties are Gutta Siak 
and Gutta Soh. Their inferior quality causes them to sell at 
less than one-quarter the price of red Macassar in normal 
times. Some has been collected by natives and reconditioned. 
The term inferior gutta is sometimes used to designate these 
types. True gutta percha is used largely for cable insulation. 
Either the true or inferior gutta is used in golf balls, as tissue 
for tailoring, and in other ways as a thermoplastic adhesive, 
in cements and sealing compounds and for compounding with 
rubber. 
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Balata is a rubber-like gum distinct from gutta percha but 
often confused with it. It comes from northern South America 
from the latex of Mimusops globosa. Some from Panama is 
from the Mimusops darienensis. Grades are Cindad Bolivar 
block, Manaos block, Surinam sheets and amber sheets. Prices 
are higher than for inferior gutta percha but much lower than 
for true gutta percha. It is all from wild trees and is used in 
waterproof belting where the temperature is not high. Balata 
is more of European than American interest, rubber having 
largely replaced it here. Other uses are for packing, gaskets, 
etc. 

Chicle is another rubber-like gum from the latex of Achras 
zapota or Achras chicle, a wild tree of Central America. In¬ 
ferior grades of chicle from other areas are probably from 
other types of trees. The use is largely in chewing gum, where 
so far as possible, substitutes replace the true chicle because 
of price. 

Gum Pontianak or jelutong is a rubber-like gum from the 
latex of various trees. It has an actual rubber content of about 
20 per cent. This gum comes from the Pacific area and has at 
times been worked to remove resins and yield rubber. Com¬ 
mercially it is sold as pressed blocks. The gum is also mixed 
with inferior gutta perchas. Use is largely in chewing gum to 
replace part of the chicle. 

Canada balsam, fir balsam or Canada turpentine, an oleo- 
resin, is obtained from the balsam fir tree, Abies balsamae. 
The yellow to greenish liquid has a pine-like odor, and solidifies 
to a transparent semisolid mass. It gradually solidifies on ex¬ 
posure to the air but remains transparent. It is soluble in 
ether, chloroform, benzene, ethyl acetate, and some oils. Grades 
sold are Canada and Oregon. The latter is sometimes called 
Oregon balsam. The former is expensive, the latter relatively 
inexpensive. Canada and Oregon balsams are used in medicine 
and as a transparent cement, particularly in the preparation of 
optical goods such as the mounting of lenses and instrument 
parts, and in preparation of microscope slides. Some is used in 
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lacquers. The product is sometimes incorrectly confused with 
balm of Gilead, a distinctly different balsam. 

Mecca balsam or balm of Gilead is a balsam obtained from 
the twigs of a small evergreen, Balsamodendron gileadense. 
which grows on the shores of the Red Sea. The yellow to 
green product has a fragrant odor and is soluble in alcohol, 
benzol, acetone or chloroform. It is sold as buds for use in 
perfumes. 

Copaiba balsam is an oleoresin obtained from several South 
American trees of the Copaijera family. The viscous yellow to 
brown liquid is transparent and has an aromatic odor. It may 
have a slight greenish fluorescence. This balsam is soluble in 
benzol, ether, chloroform, carbon bisulfide and oils. It dis¬ 
solves in absolute alcohol but only partially in 95 per cent 
alcohol, and in an equal volume of petroleum ether, but is 
partially precipitated by more petroleum ether. The ingredi¬ 
ents are of complex structure. Usual grades are Para, and 
South American U.S.P., mainly imported from Brazil. The 
U.S.P. grade has a specific gravity of 0.930-0.995 at 25°C. Aside 
from medicinal uses it appears in special varnishes and in the 
manufacture of photographic and tracing papers. Balsam 
Gurjun or East Indian Copaiba is an oleoresin of related com¬ 
position from eastern India and Burma, used for similar pur¬ 
poses. It differs in being incompletely soluble in ether and 
carbon bisulfide. 

Storax or styrax is a balsam obtained from the bark of trees 
grown in Asia Minor and imported from Turkey or Italy. That 
from Liquidainbcr orieutalis is known in commerce as Levant 
storax; that from Liquidawhcr styraciflua is known as Ameri¬ 
can storax. A purified grade sometimes sold, is prepared by 
dissolving one of the grades of storax in alcohol, filtering to 
remove insoluble debris and evaporating the alcohol from the 
filtrate. The grayish brown liquid has a fragrant odor, and 
contains resin, styrene or styrol, cinnamic acid, ethyl cinna- 
mate, ethyl vanillin and related compounds. The Levant storax 
deposits a heavy brown layer on standing, American storax a 
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semisolid mass which softens on gentle warming. Storax is 
heavier than water and is usually incompletely soluble in warm 
alcohol, acetone, carbon bisulfide or ether. There are U.S.P, 
grades of both types meeting specified tests for purity. Storax 
is used in medicine, in fumigants, and in perfumery as a fixative 
and odorant. Storax is also a source of some fine organic 
chemicals such as a special grade of cinnamic acid. 

Tolu balsam is a balsam obtained from a South American 
tree, Toluifera balsarnutn, as a brown or yellowish brown plastic 
solid which is transparent in thin layers. Imports are largely 
from Colombia. It becomes brittle when old, when dried, or 
at low temperatures. The odor is aromatic, resembling that of 
vanillin. It is nearly insoluble in water or petroleum ether but 
soluble in alcohol, chloroform or ether. Tolu balsam is largely 
soluble in aqueous alkalies. It contains about 8 per cent of 
benzoic acid, 12-15 per cent of cinnamic acid, vanillin, resins 
and complex benzoates and cinnamates. This balsam is used 
in medicine, perfumery, chewing gum, confectionery and fumi¬ 
gants. There is a U.S.P. specification. Tincture of tolu balsam 
is a U.S.P. preparation containing 200 grams of balsam per 
liter in alcohol. Syrup of tolu balsam is also a U.S.P. prepara¬ 
tion, containing 50 cc. of tincture and 820 grams of sugar per 
liter. It is made with 10 grams of magnesium carbonate, which 
is filtered off, to clarify it. 

Peru balsam or Peruvian balsam is a balsam obtained from 
the Toluifera-'pereirae of Central America. It is imported mainly 
from Salvador and Nicaragua, The dark-colored liquid re¬ 
sembles molasses in appearance. In thin layers it is reddish 
brown and transparent. The odor resembles that of vanilla. 
It does not harden in the air and is soluble in alcohol, chloro¬ 
form and glacial acetic acid with only slight opalescence, and 
incompletely soluble in ether and petroleum ether. Peru balsam 
contains 50 to 60 per cent of cinnamein, about 28 per cent of 
resin, together with benzyl esters of benzoic and cinnamic 
acids, styracene, vanillin, etc. It is used medicinally according 
to U.S.P. grading of specific gravity 1.15-1.17 at 25°C. Other 
uses are in perfumery and confectionery manufacture. 
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Venice turpentime or larch turpentine is a yellow to green 
viscous oleoresiii with a ])leasant aromatic odor, obtained by 
distillation from varieties of the European larch. It becomes 
hard and brittle on prolonged exposure to the air. Artificial 
Venice turpentine, sometimes offered, consists of a mixture of 
rosin and oil of turpentine and is similar to pine oleoresin. It 
is readily soluble in ether, acetone, acetic acid or aqueous 
alkalies, slowly in alcohol. True Venice turpentine consists 
chiefly of volatile oil and resin. Both are used in making 
varnishes, sealing wax and plasters, and for lithographic work. 



CHAPTER XXXV 


SYNTHETIC RESINS 

As indicated by the name, synthetic resins are purely syn¬ 
thetic products having the general properties of natural resins. 
Since their production is under scientific control, they are more 
uniform in composition and usually superior to the natural 
resins in solubility, hardness, gloss, color and stability in solu¬ 
tion. Various modifications of composition and of methods of 
production are possible, so that desirable properties can be 
enhanced and improvements made to meet particular needs in 
industry. Hundreds of these resins are on the market, with 
continual progress, development and change still going on. All 
fall into a limited number of classes. 

Synthetic varnish resins are a class of synthetic resins which 
can be kettled with oils, usually linseed oil or Chinawood oil to 
produce materials which, cut in suitable solvents, serve as 
varnishes. There has been a marked trend for the past decade 
to replace natural resins with synthetics for this purpose. 

Synthetic molding resins are synthetic resins in a form which 
can be molded and insolubilized by heat and pressure, reaching 
the public in the form of commercial parts, and as decorative 
articles. The^e normally contain a large amount of inert filler 
such as wood flour. This application of synthetic resins is to 
only a small extent parallel to uses of natural resins, competing 
rather with hard rubber, pottery, metals, etc. 

The field of synthetic resins is complicated by the use of 
resin-impregnated materials. Resin-impregnated paper serves 
as an adhesive, particularly in laminating wood under heat and 
pressure. A compacted mass of several sheets of resin- 
impregnated paper or cloth may replace a sheet of synthetic 
resin alone. 

While synthetic resins are often described as insoluble in 
water, acids, alkalies and solvents, this is purely a relative 
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descHption. Many are attacked by alkali and possess some 
solubility in organic solvents. 

Chemical classification of synthetic resins is difficult, since 
they are all sold under trade names. In some cases the nature 
of the composition is not disclosed and in few cases is it given 
in quantitative terms. Some companies sell several resins 
which may be entirely different in type, under the same trade 
name. Such products are designated by letters or numbers or 
a combination of the two. Necessarily products are referred 
to by current trade names. 

Resins of the phenol-formaldehyde type represent the first 
synthetic resins that were commercially successful, sold under 
the name of Bakelite. The basic patents have now expired and 
these resins are also made by other manufacturers. They are 
produced by condensing phenolic substances such as phenols 
and cresols with formaldehyde or other suitable aldehyde. 
Phenolic resins may be modified by dispersing them at the time 
of manufacture in natural or esterified resins. This makes them 
oil-soluble so that they can be used in producing varnishes and 
gloss printing inks. Phenolic resins modified with drying oils 
become insoluble and infusible on heating, and are applied as 
varnishes. Straight phenolic resins, similarly heat-reactive, are 
cast, by pouring the liquid resin into molds and allowing it to 
harden under heat. Properly modified, the resins forming the 
cast block or rod can be worked into finished articles of any 
shape by the ordinary tooling operations. These compete with 
molded resins containing filler. Large acid-proof industrial 
equipment is made by filling or extending the resin with as¬ 
bestos flock or other inert material. The phenolic resins still 
represent the largest class of synthetic resins and find many 
varied uses. In general, except in varnishes, they are originally 
dark or darken in the light. 

Bakelite resins are usually phenol-formaldehyde in type, 
offered in various forms and with various properties. They are 
used in paints, varnishes, enamels, laminated products, molded, 
cast and machined articles. Some of the Beckacite resins be¬ 
long to the modified phenol-aldehyde type and are used in oil 
varnishes. Durez resins are 100 per cent phenolic resins used 
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in varnishes, enamels and molded products. Para-dura is a 
similar type of resin used in varnish and lacquer. Durite is a 
general varnish resin. Locto is also a phenol-formaldehyde 
resin. Paranol resins are modified phenolic products used in 
varnishes. Varcum resins are phenol-aldehydes used in var¬ 
nishes and other coatings and as impregnating materials. 
Catalin is a molded phenolic resin, as are also Marblette and 
Haveg. Revolite is a cloth, coated with modified phenolic 
resin. 

Alkyd resins, glyptal resins or phthalic-glyceride resins are 
terms which cover condensation products made by the reaction 
of polybasic acids or anhydrides such as phthalic, succinic or 
maleic acids, with polyhydric alcohols such as glycerine, sorbi¬ 
tol, mannitol, etc. These are combined under different condi¬ 
tions and usually modified in various proportions with fatty or 
natural resin acids. Their major field is for baking enamels. 
When monobasic acids are used to change the character of 
phthalic glycerides, the products are known as Rezyls. 

A modification of alkyd resins other than with resin acids 
and fatty acids, is with drying oils. The presence of natural 
resin acids tends to make the product hard and brittle. Fatty 
acids make it softer and more gummy, yielding a product suit¬ 
able for use with nitrocellulose in lacquers. Drying oils give 
an oxidizing type of resin which produces hard solid films, a 
property of value in printing inks and varnish bases. When 
modified alkyd resins are combined with phenols, many varia¬ 
tions are possible, covering a wide field of usefulness. Some 
of the Beckacite resins are of the alkyd type and are used in 
varnishes and lacquers. Beckosol is sold in several types, such 
as air-drying finishes, paints and enamels, low-])ake and high- 
bake finishes, plasticizers, etc. Esterol is the name of a group 
of alkyd resins used in varnishes, lacquers, paints and enamels. 
Lewisol resins are used with nitrocellulose in lacquers, in oil 
varnishes, and with nitrocellulose alone as in making sealers. 
Duraplex is used in coating materials. 

Urea-formaldehyde resins are made by the condensation of 
these compounds. They are used in molding compositions and 
appear in a wide variety of colors of good stability and shade. 
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Examples are Unyte, Plaskon and Beetle. This type of resin 
is also applied to cloth to make it crease-proof, and is added to 
nitrocellulose lacquers. Other uses are as closures, buttons, etc., 
because of greater mechanical strength than that possessed by 
phenolic resins. 

Vinyl resins are made by the co-polymerization of vinyl 
chloride and vinyl acetate, the proportions of which vary in 
different resins. The usual products are available as molding 
powders. A high vinyl-acetate resin is tough and flexible and 
is used in coating materials. When treated with aldehydes these 
resins become harder. Examples of the latter are the Alvars, 
used in spirit varnishes, enamels, lacquers, cements, adhesives 
and plastics. Vinylite is a vinyl chloride-vinyl acetate resin 
used for making flexible sound records, artificial dentures, 
coatings, and in spirit varnish. Mowolith and Gelva are vinyl 
acetate polymers without appreciable amounts of vinyl chloride. 

Coumarone-indene resins or /^ara-cumarone resins are pro¬ 
duced by the polymerization of these chemical compounds, 
obtained from coal-tar light-oil distillates. The polymerizing 
agent is heat or acid. They are lemon-yellow to reddish brown 
amurphous mixtures from which volatile oils have been re¬ 
moved by distillation. Para-indene, mc/a-styrene and similar 
substances may be present in the mixture. They decompose 
on heating to 250° C. Some are soluble in ether, coal-tar and 
])etroleum solvents, turpentine, acetone, ether or carbon tetra¬ 
chloride. These resins are neutral, resistant to alkalies and 
dilute acids, brine, etc. They are frequently used to modify 
the properties of other synthetic resins. Cumar resins, Neville 
resins and Nevillac resins arc of this type. They are sold in 
varied grades by letter which indicate hardness or melting 
point, and degree of polymerization. The melting points vary 
from 10° to 160° C. Some grades are subdivided by numbers 
indicating color. A lighter color, or a harder 
resin, in general commands a higher price. These resins are 
used in varnishes, enamels, plastics, printing inks, insulating 
compounds, as softeners in compounding rubber, in adhesives 
and in chewing gum. Some is used as cold-cut varnish, com¬ 
parable in some ways to spirit varnish. 



454 


CHEMICALS OF COMMERCE 


Polystyrene is made by polymerization of the hydrocarbon, 
styrene. It is water-white in color, is very tough, and has the 
highest insulating power of any available synthetic resin. Its 
use is limited by high price. Examples of this type of resin 
are Resoglaz, Trolitul, Victron and Tepperite, used in spirit 
varnish, and the latter product in dentures. 

Petroleum resins are neutral hydrocarbon resins made by 
treating unsaturated petroleum fractions with aluminum 
chloride. These resins accelerate the drying of tung oil. Day- 
ton synthetic resins are used in varnishes, paints and enamels. 
They increase resistance to water, acid and alkali. 

Modified natural resins consist of natural resins or resin 
acids, usually modified with glycerine. The resin acid reacts 
with glycerine to form esters. Manufacture can be controlled 
to vary the product with respect to color, hardness, acidity and 
solubility. These modified resins give greater durability and 
general resistance to a varnish film than does the ordinary gum. 
A disadvantage for some purposes is a tendency toward soft¬ 
ness and tackiness. Ester gum is produced by esterifying the 
abietic acid of rosin with glycerine. Methyl and ethyl esters 
can also be produced. It is soluble in oils or turpentine, and 
is used in varnishes and lacquers. 

Amberol resins are phenol-formaldehyde resins in type, 
but are modified with natural resins. They are used in oil 
varnishes and in nitrocellulose sealers. Abalyn, an abietic 
acid ester, is used as a plasticizer for nitrocellulose lacquers. 
Hercolyn is used as a plasticizer for nitrocellulose. Paramet 
ester is used in varnish and lacquer. Flat gum belongs in this 
class but contains a flatting agent. Imperial gum is used in 
nitrocellulose and oil coatings. Kopols are fused or esterified 
copal, used in floor varnish and as an enamel vehicle. Beckopol 
is a phenolic copal combination used in extremely hard var¬ 
nishes of the rubbing and polishing type. Paraplex is glycol- 
sebacate, and represents a group of plasticizing resins for 
nitrocellulose lacquers. 

Rubber resin made by the chemical treatment of rubber is 
acid- and alkali-resistant. The milled and unmilled product is 
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sold under the name of Pliolite. It is used in coatings and for 
the impregnation of materials. In sheet form it is Pliofilm. 

Rubber replacents, if neither synthetic rubber nor synthetic 
resins, are closely related. They are not termed rubber sub¬ 
stitutes because that name is applied in the trade to sulfurized 
oil, factice. Polymerization of monovinylacetylene with hydro¬ 
chloric acid gives chloroprene, which can be polymerized to 
a rubber replacent which is very resistant to oils. This was 
first known as Duprene, later as Neoprene. It is more expen¬ 
sive than rubber but has the merit of greater solvent resistance. 
Polymerization of ethylene dichloride with an alkaline poly- 
sulfide produces a polyethylene sulfide. While structurally 
unlike rubber, the product is an elastic, rubber-like material, 
resistant to solvents and oils but of unpleasant odor. It is sold 
as Thiokol. 

Chlorinated rubber may be considered a closely related 
product. It has unusually good adhesive properties, is non- 
inflammable, is resistant to water, acids and alkalies and is a 
nonconductor of electricity. One name used for a time was 
Tornesite but that name has been abandoned. 

Chlorinated diphenyl is of variable nature from a clear 
colorless liquid to a yellow brittle resin. It is used as a fire¬ 
proof coating and as a dielectric under the name of Arochlor, 
of which there are numerous varieties. 



CHAPTER XXXVI 


CARBOHYDRATES 

There is a large group of commercial products which are 
compounds of carbon, hydrogen and oxygen combined in very 
nearly the same proportions, but varying in internal structure, 
and differing widely in properties. They are characterized by 
the presence of a number of hydroxyl groups. Generically, the 
group is known as carbohydrates and includes cellulose, starch, 
dextrins and all of the sugars. Naturally, with such diverse 
properties, compounds of this class have many different uses. 

Cellulose is a major ingredient of the hbrous structure of 
plants and trees, accompanied by a number of other substances. 
It reaches industry not only in the massive form of lumber, 
but also in chip form, ground as wood flour, and in the form of 
plant fibers. The purest form of cellulose found in nature is 
in cotton. For this reason cotton was formerly used as a 
source of pure cellulose in many industries, whe^e improve¬ 
ments in the processing of wood pulp now permit the use of 
cellulose from wood. An example is in the rayon industry. 

Chemically, cellulose is a carbohydrate having the formula 
(CfiHioOr,)!!. This is substantiated by the fact that cellulose 
hydrolyzes to give glucose, C 6 H 12 O 6 , as a final product. The 
structural formula is still open to question, there being a possi¬ 
bility that no one formula will suffice. X-ray studies show that 
cellulose aggregates consist of crystallites, which are not per¬ 
fect crystals but which might be said to exist as the first ste]) 
in a crystallization process. The arrangement in crystallite 
form is the same for cotton, ramie and wood. However, cellu¬ 
lose from these sources differs in properties, and it may be that 
these differences relate to differences of crystallite arrange¬ 
ment, more particularly with respect to fiber axis. 

Cellulose is insoluble in the usual solvents but dissolves 
readily in an ammoniacal solution of copper hydroxide, called 
Schweitzer’s reagent, and in concentrated solutions of salts 
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such as zinc chloride and calcium thiocyanate. It is unaffected 
by moist chlorine, and as this converts nearly all of the mate¬ 
rials which accompany cellulose into soluble substances, that 
property provides a convenient method for its purification. 

Wood pulp is prepared mechanically or chemically from 
pulp wood. By the mechanical process the wood is ground wet 
against a grindstone, without removal of the natural incrustants 
or lignins which always accompany cellulose in wood. This 
mechanical pulp is of an inferior grade, suitable only for the 
manufacture of newsprint and other low-grade products. 

There are three chemical processes for the removal of in¬ 
crustants from wood—the soda, sulfate, and the bisulfite proc¬ 
esses. The wood is cut up into logs, de-barked, and converted 
into chips by revolving cutters, and the chips passed between 
rollers. For soda pulp the chips are boiled with caustic soda 
solution under pressure. Sulfate pulp or kraft pulp is similarly 
made, using sodium sulfate solution instead of caustic soda. 
The yield is greater and the fiber stronger, but the pulp is 
normally a dark brown. For sulfite pulp a solution of sulfur 
dioxide is used, to which lime or magnesia is added in a quan¬ 
tity insufficient for complete neutralization. The sulfite process 
gives pulp of the lighest color and highest price. This special 
grade of pulp is characterized by a high content of alkali- 
resistant cellulose or alpha-ceWulose, and a very low ash con¬ 
tent. A bleached grade is often sold. 

Mechanical and chemical wood pulps are produced in mills 
adjoining the forests of the wood-growing countries, and either 
converted into products there, or sent to all parts of the world 
for use in paper making and in other industries. Wood pulp 
is cut into sheets and baled for shipping, and can best be 
visualized as a thick, soft cardboard. This is readily broken 
down with water and by beating to give a pulp for incorpora¬ 
tion into various products. Pulp wood is also an article of 
commerce in the form of sections of trees about 2-5 feet in 
length. 

Wood flour is finely pulverized wood, as commercially 
available. It is obtained by grinding wood in various types of 
mills. The flour is then drawn or blown off and screened. It 
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is used as a filler or absorbent in the production of a variety of 
products, such as linoleum, dynamite, phenol-formaldehyde 
resinoids, composition flooring, drying and polishing agents, 
hand soaps, in fur cleaning, etc. Many grades from hard and 
soft woods are available, of which domestic fine, domestic 
standard, imported 40-60 mesh, 70-80 mesh, 100 mesh and 200 
mesh are representative. The price goes up rapidly as finer 
grades are required. 

Wood waste in the form of shavings, splinters, trimmings 
and edgings from saw mills, constitute the bulk of the raw 
material used in making a processed wood. The wood chips 
are subjected to a steam pressure of 1,000 pounds per square 
inch and then discharged from the retort. They expand or 
explode immediately, owing to the high internal pressure. This 
completely ruptures the chip and produces a mass of long fiber 
bundles. These fibers are then felted together in the form of 
a mat which is cut into standard length and pressed into 
boards. 

Products produced in this way from wood chips serve vari¬ 
ous constructional purposes. Insulation board is used for in¬ 
sulation against heat or cold and for its sound-deadening 
properties. Insulating lath has essentially the same character¬ 
istics and serves as a plaster base. Quarterboard is stronger 
and more rigid than the insulation material. Pressed wood, 
another of these commercial products, is an extremely hard, 
dense board with a very high tensile strength. It is used to 
replace ordinary wood as a building material. The light 
weight, smooth surface and large area make it particularly 
valuable for use in concrete forms. Bathroom and flooring 
tiles, blackboards and many other items are produced by ap¬ 
plication of special surface finishes to forms of processed wood. 

Bagasse is the fiber remaining after the sugar has been 
extracted from sugar cane. This type of fiber is very tough. 
It contains multitudes of tiny air cells, which makes it excellent 
insulating material. Bagasse is used in the manufacture of 
various types of building materials, such as building board, 
lath, sheathing, tile board, panel board, roof-insulation board, 
etc., much as described for processed wood. The fibers are 
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freed of residual sugar, felted together in huge machines, 
pressed into sheet form, and sawed into boards of stock sizes. 
During the manufacturing process, the material is water¬ 
proofed and treated to resist damage by fungus growth, dry 
rot and the attack of termites, a type of white ant known for 
their destructive attack on wood. 

Rag paper is high in cellulose content. Washed linen is 
largely cellulose. Numerous grades of rags are sold for use 
as paper stock. Ground and floated, these rags become cotton 
flock, used as a finish on rubberized fabrics. Jute and hemp 
are lower in cellulose content. The usual grades of paper con¬ 
tain much clay and alumina as filling agents and glue or casein 
as binders for the finishes, in additon to cellulose fiber. 

Low-grade cellulose is produced by reworking old paper, 
de-inked newspapers, etc. It is used for boxwood, wrapping 
paper and the molding of papier items. Papier-mache is a 
composition of cellulose, glue, rosin, fillers, etc., used for the 
manufacture of moulded items. The various commercial forms 
of cellulose as paper range from tissue, paper towels and news¬ 
print to kraft paper and paper board on the one hand, and fine 
writing and ledger papers on the other. Much of the raw 
material of paper is old paper, such as newspapers used in 
making boxboard. Old rope and bagging forms stock which 
is used for heavy fiber board. 

Hydrated cellulose or hydrocellulose is cellulose associated 
with more or less water to form a swollen or gelatinous mass. 
It is produced in a number of ways: By mechanical pulveriza¬ 
tion and agitation with water, which is the method used indus¬ 
trially in the papermaker’s “beater*'; by the action of strong 
solutions of salts such as zinc chloride, or by cuprammonium 
solution, which are the methods used for making vulcanized 
fiber and cuprammonium silk ; by the action of strong solutions 
of alkalies, which is the mercerizing process used in the cotton 
textile industries, and is also the first step in the making of 
viscose; by the action of strong solutions of acids, which is the 
process of parchmentizing paper; by regenerating cellulose 
from its esters, which is the process of making rayon. Appar¬ 
ently water taken up by cellulose is held physically by a 
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process of imbibition. However, the terms hydrated cellulose 
and hydrocellulose are often used inexactly to refer to any 
material composed of cellulose combined physically or chemi¬ 
cally with more than the original proportion of water, or more 
than 8-12 per cent. 

Although cotton cellulose is remarkably resistant to dilute 
alkalies, the fiber swells in contact with 15 to 20 per cent 
caustic-soda solution, and when stretched simultaneously, be¬ 
comes lustrous or mercerized. Acids act on cellulose at first, 
to hydrate it, and in stronger solutions, to hydrolyze it into 
dextrins and finally glucose. Oxidizing agents such as chromic 
acid, permanganates, hypochlorites, hydrogen peroxide and 
even air act on cellulose in the presence of moisture and certain 
salts, or under the influence of strong sunlight, to form oxy- 
cellulose. The latter contains free aldehydic groups and dis¬ 
integrates fairly readily, with the formation of carbonic and 
oxalic acids. 

Under controlled conditions cellulose reacts with acids to 
form cellulose esters, when it behaves like a tri-hydric alcohol. 
Examples are the formation of nitrocellulose of various degrees 
of nitration, and of cellulose acetate. Both are true organic 
esters described as such in another chapter. 

Another industrially important cellulose compound is 
formed by reaction with caustic soda solution and carbon disul¬ 
fide, called cellulose xanthate. Its solution is viscose. This is 
used in the process of making rayon, in which it is converted 
to cellulose again. Other products similarly made from viscose 
are cellophane and similar transparent wrapping tissues. Cello¬ 
phane is a generic term for such wrapping materials made from 
viscose, rather than a trade name. Viscose is used as a sizing 
for fabrics such as artist’s canvas. 

Cellulose ethers as well as esters, can be prepared from 
cellulose. The cost of producing ethers has been relatively 
great, which has prevented their utilization by industry in 
competition with the cheaper esters. Methyl cellulose and 
ethyl cellulose have however ])ecomc important in recent years. 
These ethers can be produced with varying solubilities, such 
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as ethers soluble in cold water, soluble in hot water but not 
in cold, etc. 

Pure cellulose is easily prepared from cotton by the pro¬ 
longed boiling of the raw material with a 1 per cent solution of 
caustic soda, subsequent treatment with dilute acetic acid, and 
repeated washing with distilled water. Its analysis will then 
be about 99.8 per cent of cellulose and 0.05 per cent of ash. 
The material obtained in this way is regarded as standard 
cellulose. Chemical filter paper is practically pure cellulose, 
especially if it has been further treated to reduce ash. Cellu¬ 
lose of a high degree of purity is an article of commerce in the 
form of sheets of wood pulp. Cellulose exists in three forms, 
classed arbitrarily as alpha-cellulose, beta-cellulose and gamma- 
cellulose. Of these, alpha-cellulose is insoluble in 17.5 per 
cent caustic soda solution. Beta-cellulose is soluble in 17.5 
per cent caustic soda but insoluble in dilute acetic acid. 
Gamma-cellulose is soluble both in 17.5 per cent caustic soda 
solution and in dilute acetic acid. These are merely general 
classifications of types of cellulose, not of definitely different 
chemical individuals. 

Starch occurs very abundantly in the vegetable kingdom, 
as it is found stored in practically all plants. It may be in the 
root or tuber as in the potato, or in a head of grain, as in 
cereals like wheat, oats and corn, or in the stalk as in sago. 
Starch has a very complex structure, its formula usually being 
written (CoHioOrOy, where y is a number of the order of 50. 
Such a formula ignores the presence of some phosphorus in 
starch as a minor ingredient. Although the proportions of 
carbon, hydrogen and oxygen in cellulose and in starch are 
similar, the starch molecule is much smaller and much more 
reactive than the cellulose molecule. This is shown by the 
much greater ease of acid-hydrolysis of starch, as contrasted 
with cellulose. 

With the aid of chlorophyll and under the influence of sun¬ 
light, the plant builds up this complex substance from two 
simple compounds, water and the carbon dioxide in the air. 
Pure starch is made up of minute granules, the shape, size, and 
appearance of which differ according to the plant in which the 
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Starch had its origin. When starch is mixed with cold water, 
in which it is insoluble, it forms a paste which sets to a solid 
mass on standing. When heated with water or when treated 
with dilute acid, the granules burst and the starch molecule 
hydrolyzes to a greater or lesser degree, giving soluble starch. 
Other forms of soluble starch are produced by heating with 
dilute alkali or by treating with chlorine. Starch is identified 
by a very sensitive reaction in which, when heated with water, 
it forms a blue color with an aqueous potassium iodide solu¬ 
tion of iodine. 

When starch is hydrolyzed, the large molecule breaks down 
into somewhat simpler ones. First dextrins are formed, their 
composition and properties depending on the stage of hydroly¬ 
sis. Dextrins in turn break down to maltose, a disaccharide. 
Maltose reacts with one molecule of water to form two mole¬ 
cules of glucose. This progressive hydrolysis or reaction with 
water is brought about slowly by boiling, and more rapidly by 
treatment with dilute acid or by enzyme action. Plants them¬ 
selves contain enzymes or natural catalysts for converting 
starch to sugar. Thus starch is manufactured in the leaves, 
where the chlorophyll is found, converted by enzyme action 
into sugars which are soluble in the cell sap, and carried off to 
the roots or seeds, where the sugars are changed back to 
starch for storage. 

Starch is isolated from corn, barley, oats, rye, potatoes, 
rice, millet, peas, lentils, arrowroot, tapioca, yam, sago and 
wheat. We are accustomed to thinking of starches and sugars 
as forming an important part of our diet, but they have many 
other uses besides that of food. The commercial grades 
are selected largely according to availability, potato starch 
being most important in continental Europe, corn starch in the 
United States. 

Roots and tubers are cleaned and then cut up and grated 
to a fine pulp by machine. Vegetable fiber is separated by 
washing the pulp on sieves. The starch liquor is allowed to 
stand in vats to settle out sand and sediment. It is then filtered 
through silk and allowed to pass slowly over shallow wooden 
troughs, where the starch settles out and impurities pass off 
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With the water. The white starch is washed from the troughs 
by a jet of water and passed through filter presses or extractors 
to remove all but 40-45 per cent of water. 

Cereals may contain other compounds besides starch, which 
have to be removed. Protein in rice is made soluble by treat¬ 
ment with dilute caustic soda solution. Corn contains protein 
and an oil-containing germ. The corn is steeped for a few days 
in warm water containing 1 per cent of sulfur dioxide, ground 
up, diluted with water and passed through a V-shaped tank 
where the germs float to the surface and are skimmed off. The 
protein or gluten is dissolved in dilute caustic soda solution and 
thus separated from the insoluble starch. After further treat¬ 
ment, starch from this or from other sources is dried at a low 
temperature to prevent gelatination, sometimes in vacuo and 
sometimes by a continuous current of warm air. 

Raw starch is sold according to the raw material from 
which it is made. Corn starch is sold as both pearl starch, a 
granular form, and as powdered. The latter is slightly more 
expensive. Potato starch is sold as domestic and imported. 
Rice starch is produced domestically. Wheat starch is offered 
as thick-boiling starch, which gives a heavier paste for a given 
starch content. Laundry starch is usually raw corn starch, 
often sold in lump form. It is first shaped into blocks by let¬ 
ting the starch liquor drain in boxes having perforated bottoms 
covered with filter cloths. The blocks are cut into sections and 
partly dried in a warm chamber. The brown crust which 
forms is scraped off, the blocks wrapped in paper and allowed 
to dry very slowly. The blocks break up of themselves into 
irregularly shaped forms termed “crystals” by the trade. 
Starches are also used for the manufacture of glucose, in paper 
sizings, in adhesives, in cosmetics, and as fillers in varied food 
products. 

Sago is a granulated or ground starch prepared from the 
crushed and washed pith of the sago palm, Metroxylon laevc 
or Metroxylon rumphii, and from the trunks of several other 
palms and cycads which grow in the East Indies and the 
Philippines. When finely powdered it is sago flour. The uses 
parallel those of other starches, as a textile sizing and in the 
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manufacture or preparation of food products. A form of 
pudding from it is particularly well known. 

Tapioca starch is the starch from the Brazilian arrowroot, 
usually Manihot utilissima. It is also called cassava starch, 
and the roots from which it is produced, cassava roots. In 
finely ground form it is known as tapioca flour, in larger gran¬ 
ules, usually of uniform size, it is tapioca. The uses are similar 
to those of other starches, and include in the tropics, manufac¬ 
ture of cassava bread from the flour. 

Iodized starch or starch iodide is a dark-colored starch pow¬ 
der containing 2 per cent of iodine. It is used in medicine as 
a disinfectant and internal and external antiseptic. The British 
pharmacopoeia increases the iodine content to 5 per cent. 

Inulin is a tasteless, white semicrystalline polysaccharide 
closely resembling starch. Its formula is written (CoHioOs)^!. 
Inulin occurs in the tuber of the Jerusalem artichoke, as well 
as in other plants of the Compositac family. It is sparingly 
soluble in cold water and very soluble in hot water. It differs 
from starch in giving a yellow instead of a blue color with 
iodine. When heated with water or with dilute acid, it is 
hydrolyzed to levulose. Inulin is used as a carbohydrate for 
diabetics, as levulose appears to be assimilable by the digestive 
system when dextrose is not. 

Thin-boiling starch or soluble starch is a name for products 
obtained by a controlled hydrolysis of starch. They are pro¬ 
duced b}^ acid treatment at a definite i)H with temperature 
control. Since the procedure represents a mild degree of 
hydrolysis the products may contain some dextrins. 

Chlorinated starch or oxidized starch represents a further 
degree of hydrolysis and is usually obtained by treatment with 
sodium hypochlorite. 

Dextrins or British gums give a red-brown instead of a blue 
color with iodine and therefore represent a complete breaking 
up of the starch molecule into somewhat smaller aggregates. 
Dextrins are sometimes called vegetable glues. They are mix¬ 
tures of compounds produced by heating dry starch with 
catalysts, usually a small amount of acid. Dextrins dissolve 
in water to give sticky solutions, used adhesives of variouj^ 
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kinds, and as sizing for inexpensive grades of the type of cotton 
material known as organdy. Dextrins are sold according to 
the starch from which they are prepared, as potato, tapioca, 
etc. Corn dextrin and potato dextrin are sold in both canary 
and white grades. 

There are probably thousands of commercial products 
which come under the heading of starches and dextrins, ob¬ 
tained from corn, tapioca, potatoes, etc. They vary in their 
properties according to the method of preparation. Frequently 
the method is adjusted to meet the specific requirements of an 
individual textile manufacture who uses these products very 
extensively as sizing, filling and finishing agents. Similarly, 
those using adhesives may specify certain qualifications to meet 
their own particular needs. Bookbinders, manufacturers of 
boxes, of dolls, labels, linoleum, luggage, paste, toys, and vari¬ 
ous food products, are among the many who use this type of 
product. 

Sugar usually is a term used to mean sucrose, CioHooOn, 
although the name covers many individual compounds having 
distinct properties, such as dextrose or grape sugar, fructose 
or levulose, lactose or milk sugar, maltose or malt sugar, etc. 
Sucrose occurs abundantly in plants and is extracted commer¬ 
cially from sugar cane, sugar beet, sorghum grass and other 
sources. 

Sugar cane is a form of grass which grows to a height of 
10-20 feet. It requires a moist and warm climate. The canes 
are grown from cuttings from a stalk of mature cane and har¬ 
vested by cutting the cane at the ground level. Several crops 
grow from each planting. The green tops are removed and the 
stalks cut to lengths of 3-4 feet and sent to the factory for 
prompt crushing. The stalks average a content of 13 per cent 
of sugar. A record crop in Java gave 42 tons of canes per acre. 

The sugar beet belongs to the same family as the red garden 
beet but the modern sugar beet was evolved from a white 
variety. By gradual selection the sucrose content was in¬ 
creased from about 5 per cent to a possible 20 per cent, with an 
average of 16 per cent. A record corp produced in Germany 
gave 12 tons of washed beets per acre. The refined product 
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from either cane or beet has equal sweetening power, contains 
over 99.8 per cent of sucrose, and cannot be distinguished by 
chemical analysis. 

Raw sugar or centrifugal sugar is the first solid or crude 
product. Cane sugar is manufactured by passing the canes 
through a crusher and then between successive sets of rollers 
which squeeze out the juice. Pressures of 250 to 500 tons are 
used and less than 2 per cent of juice remains in the exhausted 
cane. The extracted juice is a dark, opaque liquid having an 
acid reaction. As it was diluted with water during the extrac¬ 
tion process, it contains from 12 to 16 per cent of dissolved 
sucrose, as well as various kinds of impurities. 

Chemical treatment is necessary to neutralize the acidity, 
to remove suspended and dissolved impurities, and to remove 
coloring matter. Such purification must be carried out in a 
manner to avoid the hydrolysis of sucrose to form invert sugar, 
which is a mixture of dextrose and levulose. Lime is added 
to the juice, the mixture heated to boiling, and then allowed to 
settle. The clear juice is drawn off, and the sediment passed 
through the filter presses. The juice has to be evaporated 
down, the final stage in a vacuum. When it reaches the proper 
concentration, the sugar crystallizes out or “grains’* and is 
separated by centrifuging. This method results in raw sugar 
which contains about 95 to 98 per cent of sucrose and a small 
amount of residual mother-liquor. Raw sugar is sold on its 
polarization value, that is, its sucrose content. Sometimes raw 
sugar is high enough in sucrose to be used without any further 
treatment, where the color is not objectionable. 

In the manufacture of beet sugar the beets are cleaned, 
shredded and extracted with warm water in a series of extrac¬ 
tion cylinders. The product, called diffusion juice, is purified by 
the following double carbonation process. Quick-lime or lime- 
cream and carbon dioxide gas are added to the juice. After 
the calcium carbonate settles, the juice is pumped through filter 
presses. The clear filtered juice is still alkaline and is treated 
with carbon dioxide again until the alkalinity is reduced to 
0.03 or 0.06 per cent of lime, which causes further precipitation 
of calcium carbonate and necessitates a second filtration. The 
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resulting liquid is transparent and light colored. In some fac¬ 
tories this is further bleached with sulfur dioxide gas and 
filtered. The liquid is evaporated, the sucrose crystallized out 
and separated, as in cane-sugar manufacture. 

Molasses is the mother liquor left after the sugar crystals 
have been separated. It has a high content of sucrose, as well 
as of invert sugar, and mineral and organic impurities derived 
from the original juice. Sometimes this molasses is reboiled 
to separate another crop of crystals, but the tendency is to 
recover the maximum amount of “first sugar’’ and to sell the 
“first molasses,” which finds use in confectionery and bakery 
products because of its flavor. Poorer grades are used in cattle- 
food and in the production of alcohol. Blackstrap and New 
Orleans grades of molasses are widely sold. 

Ordinarily the bagasse or crushed and extracted cane pro¬ 
vides all the fuel necessary for steam production in the sugar 
mill. It is also used as a source of cellulose. The filter-press 
cakes from cane sugar contain lime and nitrogen, as well as 
other mineral and organic matter, and are used as fertilizer. 
The beet-pulp left after extraction of the juice is used as fod¬ 
der. The filter-press cakes from beet sugar are sometimes used 
as fodder but are more apt to be discarded. 

Washed sugar or plantation sugar is the next stage in purifi¬ 
cation. Raw sugar is frequently shipped to refineries near the 
point of use. It is washed to remove color and other impurities 
by spraying the layer of sugar in the centrifugal drum with a 
mixture of sirup from a later stage and water, while rotating 
at full speed. Ultramarine and water are used in the same way 
to blue the sugar. Such sugar is evaluated by its sucrose con¬ 
tent and color, and can be used wherever refined sugar is used, 
provided it is sufficiently pure and free from color. 

Refined sugar or granulated sugar is a recrystallized grade. 
Raw sugar is washed, then dissolved in water, run through 
bone-black or vegetable carbon filters to remove color and 
some phosphates, after which the liquid is again evaporated 
and recrystallized. The dried crystals are sieved and classified 
according to size as standard, medium and manufacturers’ fine, 
the last being the most used as table sugar. Cube or loaf sugar 
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may be molded directly from the refined sugar but it is also 
crystallized in slabs as caster sugar and cut up by saws. 

Pulverized sugar is prepared for use in icings and in some 
types of confectionery by grinding granulated or caster sugar 
to a fine powder. There are different grades, known as fruit 
powdered, confectioners, powdered XXXX, and sometimes a 
special XXXXX sugar is offered. That known as confection¬ 
ers* sugar normally has a small amount of starch added to 
reduce the tendency to cake. 

Refiners* sirup, sugarhouse molasses or treacle is the sirup 
which remains after the sugar is separated from the refined 
and decolorized liquid. Its flavor is not due to compounds 
occurring naturally, but to the breakdown of sugars during the 
process of reboiling. It is somewhat of the type of caramel in 
taste and character and is used as a blending agent for flavoring. 

Soft sugar is produced from refiners’ sirup. As this sirup 
is boiled down, the sugar separating out takes on more and 
more color. The sirup from the first separation of refined 
sugar may be boiled down to separate a soft white sugar. The 
liquid left from this may be boiled down in turn, to give a 
somewhat darker sugar. In this way soft whites, soft yellows, 
and soft brown sugars are produced. The reason for the 
change in properties is a concentration of mineral matter, and 
an increase in invert sugar and moisture content. The medium 
brown has a delicious flavor, but the dark brown becomes less 
pleasant in taste. These sugars are used extensively in bakery 
products and in a fluffy type of confection. 

Maple sugar is essentially sucrose but possesses a distinc¬ 
tive and very pleasing flavor due to the presence of impurities 
associated with the sugar in the sap of the maple tree. It is 
largely used as a flavor. There are legal restrictions on the 
application of artificial maple flavors. 

Maltose, CioHo-jOn, does not occur as a natural sugar but is 
produced by the hydrolysis of starch. It is a disaccharide 
which hydrolyzes to dextrose. Maltose itself is of little com¬ 
mercial importance. It is a fermentable sugar and plays a part 
in brewing. 
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Lactose or milk sugar, Cii>H220ii, is a disaccharide occur¬ 
ring in milk. It yields dextrose and galactose on hydrolysis. 
Lactose is recovered from the whey from cheese manufacture. 
It is less sweet and less soluble than sucrose and is considered 
more beneficial as a food. There is a U.S.P. grade containing 
not more than 0.1 per cent of ash. This sugar is used in in¬ 
fants’ food, in medicine and in confectionery. 

Invert sugar is produced by the hydrolysis of sucrose and is 
composed of chemically equivalent parts of dextrose and levu- 
lose. It is not sold in dry form as it takes up water too readily, 
but it can be obtained as a sirup. Its property of absorbing 
and holding water makes it useful in products where loss of 
moisture is to be avoided. 

Dextrose is also called by the more general names of glucose 
and grape sugar. It is a product made chiefly by the hydrolysis 
of starch. It is a hexose, C 0 H 12 OC, which usually crystallizes 
with one molecule of water. It is sold as the monohydrate, 
which gives it a content of about 10 per cent of moisture, in the 
anhydrous state, and as a liquid U.S.P. product containing not 
more than 0.5 per cent of ash. A commercial form is corn 
sugar from the hydrolysis of corn starch. It is used in confec¬ 
tionery to give special consistencies, in baking, in brewing, in 
tanning as a filling agent, in many chemical operations as a 
reducing agent, in medicine, and for the production of caramel 
or sugar coloring. Honey is a solution of dextrose collected 
by bees from the nectar of flowers, having a characteristic 
flavor according to the flowers from which it is derived. 

Corn sirup is sometimes called glucose by the confection¬ 
ery trade, but chemically it is usually a mixture of dextrins. 
maltose and dextrose. Corn starch is hydrolyzed partially 
or wholly into dextrose, the amount of change determining the 
consistency of the finished sirup. It is sold on its solids con¬ 
tent, and is spoken of by its Raume reading of 42°, 43°, etc. 
Corn sirup is produced in large quantities, and is used as a food, 
for its l)odying effect, in baked goods, etc. It has a pleasant 
and characteristic taste. Some pediatricians recommend it for 
use in infants’ formulas. 



470 


CHEMICALS OF COMMERCE 


Levulose is a hexose, CeHi206, also called fructose, pro¬ 
duced by the acid hydrolysis of inulin from the Jerusalem 
artichoke. It has not been available to any great extent in the 
past, but is becoming more so. Levulose is used is a sweeten¬ 
ing agent by diabetics. 

Mannitol while closely related to the sugars, is an alcohol 
and described in that chapter. 



CHAPTER XXXVII 


PROTEINS 

The usual conception of proteins is that they are a type of 
food, such as lean meat, but that does not tell the whole story. 
Proteins are highly complex substances sold in a variety of 
forms ranging from edible gelatin to nitrogenous by-products 
for fertilizers. They are present in all living matter, the basis 
of that fundamental life substance called protoplasm. Plants 
are able to build up these complex substances from very sim- 
])le starting materials such as nitrates or ammonium salts taken 
up from the soil. The animal organism must obtain its protein 
material from plants or from the flesh of other animals. 

Proteins vary in composition, but all contain carbon, hydro¬ 
gen, oxygen and nitrogen. The presence of nitrogen is one 
differentiation from carbohydrates. Many contain sulfur and 
some contain phosphorus. The average composition might be 
expressed as carbon 51, oxygen 25, nitrogen 16, hydrogen 7, 
sulfur 0.4, and phosphorus 0.4 per cent. Molecular weight 
determinations for such complex substances are not very satis¬ 
factory, but minimal molecular weights are of the order of 
5,000 to 30,000 with probable molecular weights of 30,000 to 
200,000. 

Proteins are hydrolyzed or broken down by heating in 
water, as well as by the action of the enzymes pepsin, trypsin 
and erepsin. Partial hydrolysis produced by the action of 
water converts proteins into proteoses, peptones and amino 
acids. The amino acids are the building blocks of proteins. 
These contain at least one carboxylic group and one amino 
group. The amino acids are united by a condensation between 
the carboxylic group of one compound and the amino group of 
another, with the loss of a molecule of water. This sort of 
union is called a peptide linkage and where two amino acids 
are joined in this way, the products is called a dipeptide. 

471 
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Amino acids may be quite simple in structure, for example 
glycine, CH 2 NH 2 COOH, aminoacetic acid. 

Because proteins contain both basic and acidic groups, they 
are amphoteric in nature. Each protein has an isoelectric zone, 
which can be expressed as a limited pH range where the acidic 
and basic dissociations balance one another. In solutions 
more acid than this, the protein behaves like a base, in solutions 
more alkaline, it behaves like an acid. For example, the iso¬ 
electric zone, more commonly called the isoelectric point, of 
gelatin, is about pH 4.7. Below this, the amino groups react, 
above this, the carboxyl groups. 

The size of the protein molecule or molecular aggregate is 
such that in water it is neither in true solution nor in physical 
suspension, but in a state termed colloidal. This represents a 
border region between solution and suspension and is asso¬ 
ciated with a particle of size of about 1 to 100//// or milli¬ 
microns; 1 X 10”“^ cm. or 1 X 10“® mm. equals 1////. Colloidal 
solutions or suspensions possess properties which partake 
somewhat of the nature of true solutions and somewhat of the 
nature of suspensions of discreet particles. No sharp line can 
be drawn, sometimes they tend more toward the former condi¬ 
tion and sometimes more toward the latter. 

Gelatin is offered in commerce in varying degrees of purity. 
That prepared from fresh, clean stock under sanitary conditions 
is called gelatin, as distinguished from the less pure forms 
which constitute glue. Gelatin and glue are obtained from 
animal matter—bones, skin and tendons, principally from beef 
and calves. The material common to these parts of the animal 
is a protein called collagen. 

The stock is first soaked, bones in hydrochloric acid and 
skins in lime water, to remove undesirable constituents and 
promote subsequent hydrolysis. The soaked and washed stock 
is then heated in water to about 70® C. to hydrolyze the col¬ 
lagen to gelatin. The temperature has to be controlled to 
prevent further hydrolysis of gelatin. After some hours, the 
first liquor is drawn off to give the best grade of gelatin. 
More water is added to the stock and several runs are made 
in this way, the last producing an inferior grade of glue.. The 
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solutions are clarified, concentrated in vacuum pans, chilled, 
and dried in warm air. The product is hard and is sold in 
sheets, flakes, shreds or pulverized as a coarse or fine powder. 
The sheets usually bear indentations of a coarse mesh screen 
on which they have been dried. Grades from edible gelatin 
to the lowest grades of glue tend each to merge into the next 
lower grade, so far as uses are concerned. 

Edible gelatin is a transparent, nearly colorless substance 
which swells to many times its normal volume in water. There 
is a U.S.P. standard which defines it as the product of partial 
hydrolysis of collagen derived from the skin, white connective 
tissue and bones of animals.^ Swollen gelatin, heated to 35° C., 
goes into solution. If such a solution contains more than 1 per 
cent of gelatin it sets to a solid gel when cold. It is also soluble 
in glacial acetic acid or aqueous glycerine but insoluble in the 
other organic solvents. Gelatin is used as a food in various 
wa 3 'S. It appears as jellied desserts, salads, jellied consomme, 
jellied meats, in puddings and other forms. In some of these 
the natural gelatin of a food product has been extracted and 
concentrated. It is used extensively in the manufacture of 
ice cream, as it gives body and serves as a protective colloid, 
and tends to prevent crystallization or graininess in the prod¬ 
uct. Gelatin finds use in many confectionery and bakery 
products, such as marshmallows, icings, emulsion flavors, 
meringues, etc. It is formed into capsules for medicinals, and 
is used as a culture medium. Gelatin is a bodying agent for 
many technical products, a sizing material for expensive forms 
of papers, and in special inks. For many of these purposes 
edible gelatin is used for its physical rather than chemical 
properties. It reacts with bichromate to give a true tanned 
protein when exposed to light and this is the basis of a whole 
group of reactions. 

Isinglass is a high grade of gelatin produced from the air 
bladders of certain fish, largely sturgeon. The sounds or 
bladders are cleaned and need no other preparation but drying. 


^ The Food and Dru{? Administration requires that the edible grade 
contain less than 0.018 grain of lead and less than 0.01 grain of arsenic calcu¬ 
lated as arsenious oxide and less than 0.01 grain of fluoride, per pound. 
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Various descriptive names are applied, according to whether 
the original bladder is unopened, opened or folded. These in¬ 
clude “purse” or “lump,” “leaf” or “honeycomb,” “book,” and 
“ribbon” isinglass. The principal use of isinglass is for clarify¬ 
ing wines, beers, vinegars, etc. For most of its uses, gelatin 
should serve. Also isinglass can replace gelatin in many of its 
applications but is in general more expensive. 

Patent isinglass is a very pure form of gelatin lacking the 
structure of isinglass. It is used in making jellies and jams. 
Mixed with gum it gives a fine luster to silk. It is incorporated 
in India ink. Dissolved in two parts of alcohol, it forms a dia¬ 
mond cement; dissolved in strong acetic acid it forms a cement 
suitable for repairing glass and pottery. 

Technical gelatin as well as glue, is sold primarily on the 
basis of the firmness of the jelly produced in solutions of speci¬ 
fied concentration. Gelatin and glue merge into one another. 
Technical gelatin is used extensiively in photography and 
photolithography. Its function is primarily that of a protec¬ 
tive colloid. It retards the rate of aggregation of the reduced 
silver atoms on the photographic plate, and also acts as a 
mechanical binder. Scientists use it as a culture medium, and 
in the preparation of ultrafiltration cells. It is used as a pro¬ 
tective colloid in electrometallurgical and other processes. 

Hide glue or skin glue is made from the parings and cut¬ 
tings of hides from tan yards, ears of oxen and sheep, and skins 
of smaller animals. There are many grades of hide glue ac¬ 
cording to the quality of raw materials from which it is made, 
the degree of hydrolysis which it has undergone in preparation, 
and other factors. Some are quoted according to the type of 
skin, such as rabbit glue. Hide glues are quoted on the highly 
technical basis of the viscosity of a 12.5 per cent solution at 
60° C. in millipoises, over jelly strength in grams to produce a 
4-mm. depression in the cold glue with the Bloom Gelometer— 
grades varying from 53/135 to 125/379 with a price variation 
approaching 50 per cent from the lowest to the highest grade. 
Occasionally glue is quoted by color for special uses. 

Glue finds many uses as an adhesive and a sizing agent. 
It is an important adjunct in the wood-joining and veneer 
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trades. Other applications are in making paper boxes, as a 
leather adhesive, for water-proofing fabrics, as a size for wall 
paper and coated papers. Glue is used as a size in the dyeing 
of fabrics and in finishing processes. Carpets and burlap wall 
coverings are sized with glue. Barrels to be used for non- 
aqueous liquids are lined with it. It serves as a size for the 
treatment of walls before painting, and may be mixed with a 
little paint, an insoluble base, and water in the preparation of 
calcimine. As a binding agent, it is used in composition cork, 
imitation hard rubber, matches and other items. As adhesives, 
these glues are applied warm, but should not be kept at high 
temperatures over a long period, as this results in loss of 
adhesive properties. 

Since many adhesives are called glues, although in no w^ay 
related to the protein substance glue, the duplication of words 
is sometimes confusing. Dextrin solutions are often called 
glues or sometimes more specifically vegetable glues. There¬ 
fore not all glues fall in this chemical classification. 

Bone glue is made from the collagen in bones, after getting 
rid of fat and mineral matter. It is a substitute for hide glue 
in some of the applications where a high degree of technical 
quality is not essential. It is similarly quoted but is substan¬ 
tially lower in price and quality. 

Fish glue is prepared from the waste products from the 
fish industries, and is the most important glue in the liquid 
state. The skins from the cod and cusk make a superior grade 
of glue. It is used for the making of half-tone plates for photo¬ 
engraving work. These glues give a flexible adhesive, suitable 
for bookbinding and for the backs of stamps and labels. The 
poorer grades are used for general adhesive purposes, as in the 
manufacture of paper boxes. 

Furniture glue or carpenters’ glue is a high-grade product 
necessarily applied hot because it is solid at room temperature. 
Prepared glue, when it is glue rather than other form of adhe¬ 
sive, is usually low-grade fish glue. 

Albumin is another general type of protein found in many 
animal and vegetable sources, as in egg, muscle, milk, blood, 
and vegetable tissues and fluids. Albumins usually occur as 
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a mixture rather than as a single individual substance. They 
swell in water and gradually dissolve. 

Egg albumin is white of egg separated from the egg yolk 
and sold both in the liquid and the dried state. Domestic edible 
grades are substantially more expensive than imported. Out¬ 
side of the bakery industry, one important main use for this 
material is as a clarifying agent. Egg albumin has the property 
of coagulating when heated and carrying down coloring matter 
and other impurities in the process. Sparkling clear gelatin 
solutions are obtained by filtering the solution and then clarify¬ 
ing with egg albumin. Albumin is similarly used in sugar re¬ 
fining. Other uses are in sizings, leather finishing, adhesives, 
printing textiles, etc. 

Blood albumin is obtained from the blood of slaughtered 
animals by coagulating the corpuscles and the fibrin, and 
evaporating the clear serum under reduced pressure. The tem¬ 
perature must not exceed about 70° C. or the albumin will 
coagulate. The dried material is ground and sold as blood or 
serum albumin. Grades are dark flake, dark powdered, light 
flake and light powdered. Some imported grades are ofTered. 
Blood albumin is used in the manufacture of water-resistant 
glue. Vegetable glues are rather poor in this respect. The 
albumin must be reasonably fresh, as it ]:)ecomes less soluble 
on aging. Ammonium hydroxide and lime are added to water 
and the albumin dissolved in this. The adhesive is applied to 
a joint and the latter placed in a hot press to effect coagulation 
and hardening. This adhesive is more water-resistant than 
that made from casein. Other uses parallel those of egg 
albumin. 

Casein is the term applied to a group of related products 
which, like albumins, have the same general reactions. It 
occurs in milk from all sources and is separated from cow’s 
milk on a commercial scale. In milk it exists as calcium 
caseinate in colloidal suspension. Casein is soluble in dilute 
alkalies and concentrated acids, but is precipitated in weakly 
acid solutions. It swells but does not dissolve to any great 
extent in water. Its concentration in milk is about 3 per cent, 
and in skim milk from which cream or butter has been sepa- 
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rated, from 3 to 3.25 per cent. On long standing in contact 
with water it hydrolyzes to amino acids. Unless preserved it 
will spoil in water due to putrefaction. 

Acid casein is the most common grade produced from skim 
milk, of which vast quantities are available due to the demand 
for butter and cream. Either sulfuric or hydrochloric acid is 
used in very dilute solution to coagulate the casein. The 
j)roduct is often designated by the acid used for precipitation. 
The curd is separated, washed, dried and ground. The color 
of the amorphous solid ranges from straw to buff, according to 
the degree of control of the manufacturing process and the 
resultant purity. Some acid is always retained by occlusion. 
Acid casein is soluble in dilute alkali and reprecipitated by di¬ 
lute acid. General commercial grades arc domestic, unground, 
ground to pass 20-30 mesh, and ground to pass 80-100 mesh. 
There are similar Argentine grades. Some French casein is 
also available. 

Casein has many commercial uses. It is mixed with lime 
and other alkaline agents to make a glue or cement which is 
much more water-resistant than animal glues. It may be pre¬ 
pared with water in a few minutes’ time. It forms a jelly on 
standing and should be used within a few hours. It is fre- 
(juently called “cold-water glue” because, unlike animal glues, 
it is mixed with cold water and applied cold. 

Casein serves as a binder in many cold-water paints. It 
increases the water resistance of such paints, sufficiently so 
that the painted surface can be washed with water, a use 
usually limited to interior work. Mixtures of this type are also 
used as water colors in the printing of wall papers and for the 
printing of patterns on certain kinds of fabrics such as calico. 

Casein is used as a binder for pigments in coating paper. 
Paper coated with casein takes ink very sharply, so that de¬ 
signs are accurately reproduced. The casein solution contains 
borax and a small amount of ammonia, which increases water- 
resistance. The chief difficulty is to get a solution of the 
proper viscosity. 

A lime-casein mixture is applied as a sizing coat to the in¬ 
terior of barrels to be used as oil containers. This type of 
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size is also applied to plastered walls before painting. Casein 
is often an ingredient of massage creams, ointments, and cos¬ 
metics. When the cream is rubbed over the skin, the casein 
forms rolls which pick up the dirt and are themselves readily 
removed. 

In many instances a lime-casein mixture is used for the 
same purposes as animal glue, and is therefore more or less 
interchangeable with the latter. Acid casein is used to some 
extent in the plastics industry, but not nearly as much as 
rennet casein, as the former gives more brittle and less uni¬ 
formly colored products. 

Self-soured casein is produced by lactic acid formation. 
The skim milk is treated with a little sour milk or culture of 
lactic acid bacteria to start the curdling process. The curd is 
separated and treated much the same as in the acid method of 
preparation. The purity of the product depends on tempera¬ 
ture control, the extent of washing, etc. In general, self-soured 
casein resembles acid casein in appearance and properties and 
is applied to the same commercial uses. When very pure, this 
form may be used as a food. 

Rennet casein is produced by enzyme action. Rennet is an 
enzyme which causes the precipitation of casein from sweet 
milk, the method thus differing from the two previous methods 
of coagulation. Fresh skim milk from which the butter fat has 
been separated as completely as possible, is used. The curd is 
separated, washed and dried. A high-quality product is pro¬ 
duced, having a color varying from cream to white. The fat 
content is usually lower than in other caseins. The precipitated 
casein appears to be in its original form and is therefore desig¬ 
nated by some as calcium caseinate. Another name given it is 
paracasein. Rennet casein is somewhat less soluble in alkalies 
than acid casein. The viscosity of the solution tends to be 
greatest with the rennet casein and least with self-soured 
casein. It is precipitated from alkaline solution by acids. 

Rennet casein is largely u.sed in the manufacture of casein 
plastics. Such material is hard, takes a high polish, and can be 
dyed and tooled. Like other plastics, it is used in making um¬ 
brella handles, novelties, beads, automatic pencils, etc. In 
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one process the casein is put into solution, mixed with pig¬ 
ments and sometimes fillers, coagulated, pressed into the de¬ 
sired shape, hardened with formaldehyde and seasoned. In the 
more generally used process, the ground casein is kneaded with 
the other ingredients in the presence of water, pressed, hard¬ 
ened with formaldehyde and dried. 

Rennet casein is used in making confectionery and in spe¬ 
cial foods. Dissolved in a solution of sodium bicarbonate or 
sodium glycolate or lactate, it is very readily digested. Prepa¬ 
rations are also used as media for the medicinal administration 
of drugs such as quinine. 

Wool substitutes are produced from casein by methods 
analogous in principle to preparation of rayon, using aldehydes 
as setting agents. While not yet commercially available their 
further development may reasonably be expected. 

Soybean proteins are the ground soybeans from which the 
oil has been pressed. The material has about 50 per cent pro¬ 
tein content, and is sold in ground form for plastic manufac¬ 
ture. 

Milk powder is a food product high in protein, prepared by 
evaporating whole or skimmed milk to dryness. Two proc¬ 
esses are in common use, spraying into an ascending column 
of hot air and flowing on a hot roll from which it is removed by 
a scraper. The powder contains the solids and fat of the grade 
of milk used and about 5 per cent of residual moisture. Grades 
sold are skimmed and unskimmed, both roller- and spray-dried. 
It is used as a food, as in baked goods, proprietary mixes, in¬ 
fants’ food, animal foods, etc. 

Linseed meal is ground linseed or flaxseed, the dried ripe 
seeds of Linum usitatissimum, which has not been pressed. 
It is sold to contain 32 per cent of oil. There is a grade for 
medical use, largely as poultices. The tonnage market is as 
a high-fat food for animals and for pressing out linseed oil.^ 
Cottonseed meal and other seed meals are similar in derivation 
and use. 

1 The linseed from which the meal is produced is a U.S.P. product con¬ 
taining not more than 2 per cent of other seeds or foreign organic matter and 
containing not less than per cent of ether-extractable oil of which at least 
98 per cent is saponifiable. 
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Linseed cake is the residue remaining after ground linseed 
has been subjected to hydraulic pressure to press out the oil. 
It contains all of the protein of the seed with a minimum of 
oil. It is used as a cattle food, as fertilizer and for other pur¬ 
poses where a by-product protein is needed. Cottonseed cake 
and other cakes from oil-bearing seeds are similar in composi¬ 
tion and use. 

Dried blood is a red to brown, solid, amorphous by-product 
from the meat-packing industry. The blood is coagulated, 
dried and powdered and then contains somewhat over 1 per 
cent of phosphorus. It is only partially soluble in water. 
Grades sold are domestic containing 16-16.5 per cent ammonia, 
high-grade ground, with 16-17 per cent ammonia content, and 
imported. It is used as a nitrogenous ingredient in fertilizers, 
as a clarifying agent for liquids such as sugar solutions because 
of its protein content, in patent medicines, in adhesives, for 
feeding animals and fowls and as a vehicle for special paints. 

Castor pomace is the residue left after the oil has been ex¬ 
tracted from the castor bean. A domestic grade is sold to 
contain 5.5 per cent of ammonia. Usually 1-1.5 per cent of 
phosphoric acid and an equal amount of potash are present. 
It is used as an ingredient of mixed fertilizers. 

Animal tankage consists of the by-product residues from 
slaughter houses. After the recovery of fat and gelatin, the 
material is dried with the addition of 15-20 per cent of by¬ 
product lime, unless intended for feeding. Processes are com¬ 
plex and often include use of evaporated tank waters. For fer¬ 
tilizer use, a domestic grade of animal tankage is sold to 
contain 10-12 per cent of ammonia, and unground at 9-11 
per cent of ammonia, both with 15-20 per cent of lime. An 
imported 10-12 per cent ammonia, 15 per cent by-product lime- 
grade is also sold. Tankage can be used for animal feeding 
and a high grade, of feeding type, is quoted. Railroad regula¬ 
tions require the presence of at least 8 per cent of moisture. 
Quotations are on a basis of the ammonia content in dollars 
per unit. 

Fish scrap is the residue left from fish carcasses after they 
have been cooked and the oil expressed. Dried fish scrap is the 
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dried residue sold as gound and unground, to contain 11-12 per 
cent of ammonia and 15 per cent of hone phosphate. The 
moisture content is usually over 8 per cent. Wet fish scrap is 
prepared by mixing the wet residues with sulfuric acid to retain 
ammonia and solubilize phosphates. It is sold to contain b-7 
per cent of ammonia and 3 per cent of phosphoric acid. The 
water content often exceeds 50 per cent. The market for fish 
scrap is as fertilizer. Quotations often mention the source, 
such as menhaden scrap. Sardine meal is a form of dried fish 
scrap prepared under such conditions that it is suitable for 
poultry and animal feeding. It is sold on an 11.5 per cent 
nitrogen basis. The usual source is an imported Japanese 
grade. 

Garbage tankage is the residue left after treatment of gar¬ 
bage to recover fat. It contains a few per cent of ammonia 
nitrogen, of phosphates, and a fraction of a per cent of potash. 
It is a low-grade fertilizer which as ordinarily produced, will 
not have sufficient values to justify shipment for any consider¬ 
able distance. 

Nitrogenous fertilizer material is a class of material of 
diverse organic origin, used in mixed fertilizers as a source of 
available nitrogen for plants. It is sold to contain 8-11 per cent 
ammonia, imported and domestic. Prices are based on the 
available nitrogen or “unit-ton” of 1 per cent available nitro¬ 
gen. Chemical nitrogenous products are competitive with the 
organic by-product materials. 

Fertilizers as a general term means mixed fertilizers con¬ 
taining potash, nitrogen and phosphorus in substantial quanti¬ 
ties, sold by analysis as legally required. 
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U. S. CAUSTIC POISON ACT 

This act applies to all sales in interstate commerce, and 
classifies as a dangerous caustic or corrosive substance the 
following: 

1. Free hydrochloric acid over 10 per cent. 

2. Free sulfuric acid over 10 per cent. This includes the 
equivalent in sodium bisulfate or other acid salts. 

3. Free nitric acid over 5 per cent. 

4. Phenol, carbolic acid, over 5 per cent. 

5. Free oxalic acid over 10 per cent. 

6. Salts of oxalic acid over 10 per cent. 

7. Free acetic acid over 20 per cent. 

8. Free or combined hypochlorous acid in an amount 
equivalent to over 10 per cent of free chlorine. Free hypo- 
chlorous acid is unstable so this means in practice liquid 
chlorine bleaches. The provision does not apply to chloride of 
lime, bleaching powder. 

9. Free potassium hydroxide over 10 per cent. 

10. Free sodium hydroxide over 10 per cent. 

11. Silver nitrate over 5 per cent. 

12. Free ammonia over 5 per cent, including that present in 
aqueous solution, such as aqua ammonia. 

When any of these caustic poisons are present the product 
must be branded with the following: 

1. The common name of the substance. 

2. The name and place of business of the manufacturer, 
packer or distributor. 

3. The word ‘‘poison” running parallel with the main body 
of reading matter on the label or sticker, on a clear, plain back¬ 
ground of a distinctly contrasting color, in uncondensed gothic 
capital letters, the letters to be not less than twenty-four point 
size unless there is on the label or sticker no other type so 
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large, in which the event tlie type shall be not smaller than the 
largest type on the label or sticker. 

4. Directions for treatment in case of accidental personal 
injury by any dangerous caustic or corrosive substance, what 
is usually known as the “antidote,” except that such directions 
need not appear on labels or stickers, on parcels, packages or 
containers at the time of shipment or of delivery for shipment 
by manufacturers and wholesalers for other than household 
use. 

Copies of the act and recommended forms of antidote can 
he obtained from offices of the Food and Drug Administration 
of the Department of Agriculture. 

The above summary is intended only to indicate the sub¬ 
stances covered and the details of compliance with proper 
labeling regulations. 
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The following are brief, free translations of medical terms 
used. 

Abortifacient, produces abortions; alterative, changes mor¬ 
bid state of health: analgesic, produces insensibility to pain; 
anesthetic, produces loss of feeling; anodyne, allays pain; 
anthelmintic, expels or destroys intestinal worms; anti¬ 
asthmatic, relieves asthma; anticatarrhal, relieves catarrah; 
antidiarrhetic, prevents diarrhea: antidysenteric, relieves 
dysentery; antihydrotic, prevents release of water or phlegm; 
antihysteric, prevents or relieves hysteria; antilythic, prevents 
or destroys urinary calculi; antineuralgic, relieves neuralgia; 
antiparasitic, kills parasites; antiperiodic, prevents returns of 
paroxysms, as in intermittent fever; antipodagric, relieves gout; 
antipruretic, relieves itching; antipyretic, relieves fever; anti¬ 
rheumatic, relieves rheumatic pains; antiscorbutic, counteracts 
scurvy; antiscrofular, counteracts the morbid condition of 
scrofula; antiseptic, kills microorganisms; antisialagogue, ar¬ 
rests flow of saliva; antispasmodic, sedative to nervous sys¬ 
tem ; antisyphylitic, a remedy or sometimes a relief for syphy- 
lis ; antitetanic, relieves tetanic spasms; aperient, a gentle laxa¬ 
tive ; aphrodisiac, excites sexual organs; aromatic, having a 
pungent odocand usually a warm pungent flavor; astringent, 
contracting the tissues; carminative, relieves colic by expell¬ 
ing gas from gastric canal; cholagogue, promotes discharge of 
bile from the system; corrigant, counteracts disagreeable etTect 
of the main ingredient of a medicine; counterirritant, produces 
an irritation or even a blister to relieve discomfort elsewhere; 
demulcent, soothing to inflamed or irritated mucous membrane ; 
depressant, lowers functional activity; diaphoretic, increases 
perspiration; digestive, aids digestion; diuretic, increases 
secretion of urine; emetic, induces vomiting; emmenagogue, 
promotes menstrual discharge; emollient, a soothing or soften- 
ing agent; errhina, causes sneezing; excitomotor, stimulates 
motor nerve centers; expectorant, promotes discharge of 
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mucus; febrifuge, relieves or removes fever; galactagogue, 
promotes secretion of milk; hemostatic, arrests hemorrhage; 
hydragogue, expels serum, usually a diuretic or cathartic; 
hypnotic, produces sleep; irritant, produces inflammation; 
local irritant, produces localized irritation; masticatory, chewed 
to promote salivation; mydriatic, dilates the pupil of the eye; 
myotic, contracts the pupil of the eye; narcotic, allays pain 
and produces sleep but in excessive amounts produces coma 
and convulsions; nephritic, relieves inflammation of the kid¬ 
neys; nervine, soothes nervous excitement; oxytocia, hastens 
childbirth; parturient, assists childbirth; pectoral, relieves 
diseases of the chest or lungs; purgative, strongly cathartic; 
refrigerant, allays fever; resolvent, causes solution; rheumatic, 
tends to cause watery discharge from eyes, nose and throat; 
rubefacient, produces reddening of the skin; sedative, allays 
irritability, nervous excitement and pain; sialagogue, promotes 
flow of saliva ; spinant, increases reflex excitability of the spinal 
cord; sternutic, causes sneezing; stimulant, produces tempo¬ 
rary increase of vital activity; stomachic, has tonic efTect on 
stomach ; sudorific, induces perspiration ; tenafuge, expels tape¬ 
worms; vermifuge, expels or destroys intestinal worms; vesi¬ 
cant, produces blisters ; vulneric, promotes healing of wounds. 
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Summary of the Food, Drug and Cosmetic Act. Effective 
June 25, 1939, except items 13, 14 and the prohibitions of item 
1, which were effective June 25, 1938. 

1. Controls all cosmetics except toilet soap, forbids those 
which may be injurious to users, except coal-tar hair dyes 
which must bear warning labels, and prohibits false or mis¬ 
leading labeling. 

2. Prohibits traffic in food which may be injurious to health. 

3. Prohibits addition of poisonous substances to food ex¬ 
cept where such addition is required in production of the food, 
or cannot be avoided by good manufacturing practice, and in 
the latter cases, establishes tolerances to an amount insuring 
protection of public health. 

4. Authorizes emergency permits to control food which 
may be injurious because of contamination with microorgan¬ 
isms, unless public health can be otherwise protected. 

5. Forbids traffic in confectionery containing metallic trin¬ 
kets and other inedible ^substances. 

6. Requires declaration on the label of artificial coloring, 
artificial flavoring and chemical preservatives in food, except 
artificial color in butter, cheese and ice cream. 

7. Requires declaration on the label of special dietary foods 
of vitamin, mineral and other dietary properties. 

8. Provides for promulgation of a definition and standard 
of identity, and a reasonable standard of quality and fill of 
container for each food, except fresh and dried fruits and 
vegetables, avocados, cantaloupes, citrus fruits and melons. 
Butter is excepted but the old definition of standard and iden¬ 
tity is retained. 

9. Requires the labeling of food for which no definition and 
standard of identity has been fixed, to disclose the ingredients 
by name, except spices, coloring, and flavoring, which may be 
described as spices, coloring, and flavoring. Authorizes 
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exemptions where compliance is either impractical or results 
in deception or unfair competition. 

10. Avoids the “distinctive name” clause under which any 
mixture or compound of food not injurious to health can escape 
control. 

11. Brings under control all drugs used in the diagnosis of 
disease and drugs intended to affect the structure or any func¬ 
tion of the body. 

12. Subjects therapeutic devices to the same general re¬ 
quirements as drugs. 

13. Prohibits sale of drugs and devices dangerous to health 
under the conditions of use prescribed on the label. 

14. Prohibits sale of new drugs until adequately tested to 
show that they are safe under the conditions prescribed on the 
label, except for investigational use by qualified scientific ex¬ 
perts. 

15. Makes the Homeopathic Pharmacopoeia of the United 
States the legal standard for homeopathic drugs. 

16. Requires labels of official drugs recognized by inclusion 
in the United States Pharmacopoeia, National Formulary or 
Homeopathic Pharmacopoeia of the United States to show any 
differences of strength, quality or purity from the official 
standard. 

17. Requires labels of drugs intended for use by man, to 
warn against any habit-forming substances such as narcotics, 
hypnotics, or their derivatives having similar properties. The 
specified substances are alplia-eucaine, barbituric acid, beta- 
eucaine, bromal, cannabis, carbromal, chloral, coca, cocaine, 
codeine, heroin, marihuana, morphine, opium, paraldehyde, 
peyote, sulfonmethane. Additions may be made to the list. 

18. Requires that labels of drugs and devices bear adequate 
directions for use but authorizes exemptions where not neces¬ 
sary for protection of public health. 

19. Requires that labels of drugs and devices bear warnings 
against probable misuse which may be dangerous to health. 

20. Requires special precautionary labeling for drugs liable 
to deterioration. 
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21. Does not require that the Government prove that false 
claims of curative effect on patent medicines were made with 
willful intent to deceive. 

22. Requires that official drugs be packaged and labeled as 
prescribed by the Pharmacopoeias and Formulary. 

23. Declares nonofficial drugs illegal if the standard of 
strength differs from the standard claimed. 

24. Requires that antiseptics possess germicidal power. 

25. Requires that labels of nonofficial drugs list the names 
of the active ingredients and the quantity of the following sub¬ 
stances : alcohols, bromides, ether, chloroform, acetanilide, 
acetphenetidin, amidopyrine, antipyrine, atropine, hyoscine, 
hyoscyamine, arsenic, digitalis, digitalis glucosides, mercury, 
ouabain, strophanthin, strychnine, thyroid, and any derivative 
of such substances. Exemptions are authorized where compli¬ 
ance is impracticable. 

26. Forbids the use of containers for food, drugs and cos¬ 
metics which may render the contents injurious to health. 

27. Prohibits sale of food, drugs and cosmetics which have 
been prepared or handled under unsanitary conditions, which 
may contaminate them or render them injurious to health. 

28. Forbids the use of uncertified coal-tar dyes in food, 
drugs and cosmetics other than in hair dyes. 

29. Forbids slack filling of containers for food, drugs and 
cosmetics, and the use of deceptive containers. 

30. Authorizes factory inspection of establishments produc¬ 
ing food, drugs, devices, and cosmetics for interstate shii)ment. 

31. Provides the means of procuring transportation records 
and other documents necessary to establish Federal jurisdic¬ 
tion. 

32. Requires that parts of samples collected by the Govern¬ 
ment for analysis be given to the manufacturer on request, 
but provides exemption when impractical. 

33. Authorizes charging of fees for certification of coal-tar 
dyes in amounts to pay the expense of the service. 

34. Authorizes abatement of proceedings in case of minor 
violations when the public interest can be adecpiately served 
by a written notice or warning. 
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35. Increases the criminal penalties for violations. 

36. Authorizes the Federal courts to issue injunctions 
against violations. 

37. In case of misbranding, limits seizure to a single inter¬ 
state shipment unless (1) a previous court decision has been 
in favor of the Government, (2) the article is dangerous to 
health, or (3) the label is fraudulent or materially misleading, 
and would result in injury or damage to the purchaser or con¬ 
sumer. 

38. Authorizes consolidation of multiple seizures into a 
single case. 

39. Authorizes trial of cases in a district agreed upon be¬ 
tween the Government and the shipper or owner. By applica¬ 
tion to the court this can be made convenient to the defendant’s 
place of business. 

40. Provides for review in United States Circuit Courts of 
Appeals to determine the validity of some of the regulations, 
without limiting the present legal protection of defendants. 
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Acids. For specific acids see the in¬ 
dividual name 
Acids, fatty, 238, 240 
Acid sodium pyrophosphate, 42 
Aconite, 366 
Aconitine, 403 
Activated carbon, 151 
Act, U. S. caustic poison, 482 
Food, Drug and Cosmetic, 486 
Adipic acid, 244 
Agar-agar, 393 
Agaric, 387 
Albumin, 475 
blood, 476 
egg. 476 

Alcoholic l>everages, 197 
Alcohol. See ethyl alcohol 
Alcohols, 488 
nature of, 194 
Aldehul, 226 

Aldeh>de. Sec acetaldehyde 
Aldch>de ammonia, 257 
Aldehydes, 219 
higher, 222 
Aldol, 220 
.Mgarroba, 364 
bean, 364 
Algin. 391 
Aletris. 378 
Alizarin dyes. v^29 
Alizarin-red lake. 340 
Alkali blue toner, 343 
Alkali, meaning of, 22 
Alkalies, relative cost of. 27 
Alkaloids, nature of, 3% 
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Alkanet root, 360 
Alkyd resins, 452 
Allspice, 350 
oil, 417 

4-Allyl-2-methoxy phenol, 216 
/’-Allylphenylmethyl etlier, 325 
Almond oil, bitter, 223, 414, 428 
Almond oil, sweet, 313, 317 
A //>/m-aminoanthraquinone, 273 
*d//’/j<T-cellulose, 461 
Alpha compounds, meaning of, 165, 
166 

AIpha-eucaine, 487 
.4//)//n-hydroxypropionic acid, 235 
.///>/ifl-naphthol, 217 
.4//»/ia-naphtholsulfonic acid, 251 
.4//>/?(i-naphthylaniine. 271 
Alpha-uAuk acid, 246 
Aloe, 439 
Cape, 4v39 
Curacoa, 439 
Socotrine, 439 
Aloes, 439 
Aloin, 394 
Alterative, 484 
Althea, leaves, 371 
root, 371 

Alum, ammonium, 104 
chrome, 110 
chrome ammonium, 110 
common, 104 
potassium, 104 
sodium, 105 
Alumiru)us cement, 79 
Aluminum, 101 
anodized, 102 
foil, 102 
leaf, 103 
paste, 102 
powder, 102 
wire, 101 

Aluminum ahietate, 108 
Aluminum acetate, basic, 108 
normal, 108 


Aluminum bronze, 124 
powder, 124 

Aluminum chloride, 105 
anhydrous, 105 
hydrated, 105 
Aluminum hydrate, 103 
Aluminum hydroxide, 103 
Aluminum oleate, 108 
Aluminum palmitate, 108 
Aluminum resinate, 108 
Aluminum stearate, 108 
Aluminum sulfate, 103 
Aluminum trihydrate, 103 
Alums. 50 
meaning of, 104 
Alvars. 453 
Amalgam, 141 
Amber, 435 
Ambergris. 320 
Amber oil. 215 
Amberol, 454 

Ambrette-seed oil, 410, 427 
American valerian, 377 
Amei ican vermilion, 342 
Amides, meaning of, 254 
Amido compounds, meaning of, 254 
Amidopyrine. 272, 488 
Amiiies, meaning of, 254 
Arninoacetic acid, 472 
/>-Aminoacctanilide, 262 
«-Aminoafithra(|uine, 273 
^-Aminoanthraquine, 273 
/>-Aminoa/obenzcne, 270 
salt, 270 

n-Aniinoaz(dolnenc, 270 
Aminoazoxylene. 270 
Aminoazoxylidine, 270 
Amino compounds, meaning of, 254 
Aminobenzene. 260 
Aminobenzene disulftMiic acid, 247 
n/-Aininol)enzene sulfonic acid, 248 
/>-Aminobenzene sulfonic acid, 247 
o-Aminobenzoic acid, 246 
/>-Aminobenzoic acid, 246 
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2-Amino-4/)-clinitrophenol, 269 
l-Amino-2-naphth()l-2,4-disulfonic 
acid, 251 

l-Aniino-2-iiaplUhol-4-sulf(mic acid, 
251 

1- AniinO“8-naplUlu)l-3,6-disulfonic 

acid, 251 

2- Amino-5-nai)hth<jl-7>sulfonic acid, 

251 

2-Amin()-8-naplith()l-3,6-disulfonic 
acid, 251 

1- Ainino-8-iiaphth<il-4-sulfonic acid, 

251 

2- Amin<)-8-nai)hlh()l-6-sidf(tnic acid, 

251 

o-Aminophcnol. 263 
/’-Arniiiophcnol, 263 
hydrochUiridc, 263 
AmiiKjp) rim*. 272 
Amino silver proteinatc, 140 
Ammonia, 25, 64 
household. 26 
liquid, 26 

rclatiw ectst of. 27 
water. 26 

Ammonia alum, 104 
Ammonia soaps, 68 
Ammoniated mercury nitrate. 142 
Ammonium acetate, 68 
Ammonium acid carhonatc, 67 
Ammcjuium acid Ouoride, 65 
Ammonium acid tetrahorate. 08 
Ammonium alum, 104 
Ammonium aluminum sulfate. 104 
Ammonium henzoate. 09 
Ammonium hihorate, 08 
Ammonium hicarhonate. 07 
Ammonium l)ichromate, 07 
Ammonium hiHuoride. 65 
Ammonium hromide. 05 
Ammonium borate, 68 
Ammonium carbonate, 67 
Ammonium chloride. 05 
Ammonium chrome alum, 110 
Ammonium citrate, 68 


Ammonium crystals, 67 
Ammonium dichromate, 67 
Ammonium fluoride, 65 
Ammonium fluosilicate, 65 
Ammonium hydrate, 25 
Ammonium hydrogen carlxjnate, 67 
Ammonium hydrosulfide, 64 
Ammonium hydroxide, 25 
Ammonium hypophosphite, 67 
Ammonium iodide, 65 
Ammonium lactate, 68 
Ammonium laurate, 69 
Ammonium linoleate, 69 
Ammonium naphthenate, 69 
Ammonium nitrate, 66 
Ammonium oleate, 69 
Aininoniuin oxalate, 68 
Ammonium perchlorate. 66 
Ammonium persulfate. 64 
Ammonium phosphate, 66 
Ammonium rhodanide. 68 
Ammonium ricinoleate, 69 
Ammonium salic\latc, 69 
Ammonium sescpiicarhonate, 67 
Ammonium silicofluoride. 65 
Ammonium soaps. 68 
Ammonium stearate. 69 
Ammonium sulfate, 64 
Ammonium sulfide. 64 
Ammonium sulfocyanate, 68 
Ammonium sulfocyanidc, 68 
Ammonium thiocyanate, 68 
Amorpluais silica, 159 
Amphihole aslH.*stos, 88 
Ainygene dichloride, 171 
Amyl acetate. 277 
normal, 277 
secondary, 277 
Amyl alcohol, 200 
normal, 201 
secondary. 201 
tertiary, 201 
Amylamine, 256 
Amyl benzoate, 289 
Amyl butyrate, 282 
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Amyl caproate, 282 
Amyl chloride, 170 
mixed, 170 
normal, 170 

Amyl cinnamic aldehyde, 224 
aipha-, 224 
Amyldalic acid, 247 
Amylene, 170 
Amyl ether, 324 
Amyl formate. 275 
Amyl hydrosulfide, 201 
Amyl lactate, 281 
Amyl mercaptan, 201 
Amylnaphthalene, 178 
Amyl nitrite, 285 
Amyl oleate, 283 
Amyl oxalate, 284 
Amyl oxide, 324 
Amyl phenol. />arn-tertiary, 215 
ortho-, 215 

Amyl propionate, 281 
Amyl salicylate, 290 
Amyl stearate, 283 
Amyl sulfhydrate, 201 
Amyl valerate, 282 
Amyl valerianate, 282 
Amyris oil, 411 
Analgesic, 484 
Anatase, 147 
Anesthetic, 484 
Anethol, 325 
Angelica, fruit, 351 
root, 351 

Angelica-root oil. 427, 429 
Angelica-seed oil, 427, 429 
Angelica tree, 380 
Angostura bark, 379 
Anhydride, definition of, 8 
Anhydrite, 73 

Anhydrous aluminum chloride, 105 
Anhydrous borax, 46 
Animal tallow, 299, 316 
Animal tankage, 480 
Aniline, 260 
dyes, 260 
for blue, 260 


for safranine, 260 
salt, 260 

Aniline acetate, 260 
Aniline disulfonic acid, 247 
Aniline hydrochloride, 260 
Aniline oil, 260 
for blue, 260 
for red, 260 
Animal charcoal, 152 
Anisaldehyde, 224 
Anisic aldehyde, 224 
Anise, 350 
Aniseed, 350 
Aniseseed oil, 411 
Anise oil, 411, 428 
o-Anisidine, 264 
Annatto, 337 
seed, 361 

Anodized aluminum, 102 
Anodyne, 484 
Anthelmintic, 484 
Anthracene, 178 
oil, 174 

Anthranilic acid, 246 
Anthraquinone, 229 
Antiasthmatic, 484 
Anticatarrhal, 484 
Antidiarrhetic, 484 
Antidysenteric, 484 
Antifel)rin, 262 
Antihydrotic, 484 
Antihysteric, 484 
Antiknock gasoline, 186 
Antilythic, 484 
Antimony, 120 
butter of, 121 
needles, 120 
salt. 121 

Antimony oxide, 120 
Antimony oxychloride, 121 
Antimony pigment, white, 120 
Antimony [K^tassium tartrate, 121 
Antimony sulfide, 120 
golden, 121 

Antimony trichloride, 121 
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Antimony trioxide, 120 
Antimony trisulficle, 120 
Antineuralgic, 484 
Antiparasitic, 484 
Antiperiodic, 484 
Antipodagric, 484 
Antipruretic, 484 
Antipyretic, 484 
Antipyrine, 272, 488 
Antirheumatic, 484 
Antiscorbutic, 484 
Antiscrofular, 484 
Antiseptic, 484 
meaning of, 209 
Antisialagogue, 484 
Antispasmodic, 484 
Antisyphylitic, 484 
Antitetanic, 484 
Aperient, 484 
Aphrodisiac. 484 
Apiol, 414 

ApcKynum root, 374 
Apomorphine, 397 
hydrochloride. 397 
Apple acid, 242 
Apricot-kernel oil, 313, 317 
Aqua ammonia. 26 
Acpia fortis, 15 
Aqua regia, 13 
Arachis oil, 308 
Aralia, 378 
Araroha, 395 
Archil extract, 392 
Areca nuts, 384 
Arecolinc, 404 
hydrobromide, 404 
Argentitc, K^9 
Argon, 1()3 
Arnica, flowers, 385 
roots, 385 
Arochlor, 455 
Aromatic, 484 
Arrowroot, 365 
starch, 365 


Arsenic, 119, 483 
white, 19 
Arsenic acid, 18 
Arsenic bisulfide, 119 
Arsenic red, 119 
Arsenic trichloride, 119 
Arsenic trioxide, 19 
Arsenious acid, 19 
Arsenious anhydride. 19 
Arsenious iodide, 120 
Arsenious oxide, 19 
Arsenic triiodide, 120 
Artificial oil of neroli, 291 
Asafetida, 441 
Asarum, 378 
Asl>estinc, 89 
Asl>estos, 87 
amphilK)le. 88 
serpentine, 87 
Asclepias, 377 
Ascorbic acid, 251 
Asphalt, 190 
cut-back, 190 
emulsion, 190 
paints, 190 

Asphaltum. See asphalt. 

Aspic oil, 420 
Aspirin, 246 
Astringent, 484 
Atropine. 402. 488 
sulfate, 402 
Attar of roses, 412 
Auric chloride. 141 
Ava-ava, 376 
Azotic acid, 15 
Azure blue, 92 

Babassu oil, 310. 317 
Babbitt metal, 122 

Bactericidal properties, meaning of, 
209 

Bactericide, meaning of, 209 
Bacteriostatic, meaning of, 209 
Baddelayite, 147 
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Bagasse, 458 
Bakelite, 451 
Baking soda, v34 
Balata, 446 
Balm of Cjilead, 447 
Balsam, nature of, 431 
Balsam Gurjun, 447 
Banana oil, 277 
Baptisia, 379 
Barberry, bark, 368 
root, 374 
root bark, 368 
Barbital, 258 
sodium, 258 
soluble, 258 
Barbitone. 258 
sodium, 258 
Barbituric acid, 487 
Barite, 83 
Barium, 82 
Barium carbonate. 82 
Barium clilorate, 84 
Barium chloride, 83 
Barium dioxide, 83 
Barium fluoride, 84 
Barium fluosilicate. 84 
Barium hydrate, 30, 83 
Barium hxdroxide, 30, 83 
Barium iodide, 84 
Barium m()noxide, 82 
Barium nitrate, 84 
Barium oxide, 82 
Barium jK-roxide, 83 
Barium sulfate, 83 
Bar wood. 359 
Baryta-water, 30 
Barytes, 83 
Base, meaning of, 22 
Fiasic aluminum acetate. 108 
Basic bismuth carlK>nate, 130 
Basic bismuth gallate, 131 
P>asic bismuth nitrate, 131 
Basic bismuth salicylate, 131 
Basic chromic sulfate, 109 
Basic copper acetate, 127 
Basic cupric carbonate, 125 


Basic dyes, 329 
Basic ferric acetate, 117 
Basic lead acetate, 138 
Basic lead carbonate, 134 
Basic lead chromate, 136 
Basic lead sulfate, 135 
Basic magnesium carbonate, 86 
Basic mercuric sulfate, 144 
Basic zinc carbonate, 97 
Basil oil, 417 

Basis of inclusion of a chemical, 7 
Battery acid, 11 
Batu copal, 433 
Flauxite, 101 
Ba> berries, 383 
Bayberry, bark, 384 
wax. 306. 317 
Bayleaf oil, 416 
Bay oil, 416, 428 
Bay rum, 393 
F^earberry leaves, 373 
Beckacite. 451, 452 
F^eckf)i)ol, 454 
Beckosol. 452 
Beech wood creosote, 213 
Beef tallow, 209, 360. 316 
F^ecr, 197 
Beeswax, 320, 321 
F^eetle. 453 

ik‘lladonna, leaves, 367 
root. 367 
lienne oil, 308 
Bentonite, 106 
Ben/alacetone. 229 
Fknzaldehyde, 223, 414 
JkMizene, 165, 171 
industrial 90 p<t cent, 171 
industrial i)ure, 171 
motor, 171 
nitration, 171 

Fk‘nzenedicarlM»x\lie acid, 246 
Benzene substitute, 184 
Benzidine, 2f>8 
base, 268 
sulfate, 268 
Benzine. 184 
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Benzonte of soda, 61 
Jicnzoic acid, 244 
Benzoin, 437 

compound tincture of, 437 
resin, 437 
Siam, 437 
Sumatra, 437 
tincture of, 437 
Ben/cMuated lard, 301 
Benzol. See benzene 
Benzonai)hthol, 289 
Ikuizoplienone. 229 
Benzotrichloride, 244 
Iknzoyl chloride, 245 
Benzoyl peroxide. 245 
Benzolsul fonic iinide, 265 
Benzyl acetate, 280 
Benzyl alcohol, 207, 209 
Benzyl henzene, 175 
Benz>l henzoate. 289 
Benzyl hutyrate, 282 
Benzyl chloride. 175, 176 
Benzyl cinnamate. 291 
Benzyl formate, 275 
Benzylideiie acetone. 229 
Benzyl isoeuj^eiiol, 326 
Benzyl meth>l propi(»nate, 281 
Benzyl propionate, 281 
Benzs 1 salicylate, 290 
B>erherine. 403 
hisulfate, 403 
hydrochlorifle, 404 
sulfate. 404 
Berheris r(H)t. 374 
Berf^amot oil, 419, 429 
artificial, 419 

/>c/(/-aniinoanthra(|uinone, 273 
/h’/(i-cellulose. 461 
JU'Ui conii>ounds, meaning of, 
166 

/k/(j-eucaine, 487 
/6’/</-naphthol. 217 
/69(i-naphthol henzoate. 289 
/6’/(i-naphthylamine, 271 
Z^cta-naphths lethyl ether, 326 


/^c/a-naphthylmethyl ether, 325 
/k/a-phenylacrylic acid, 247 
Betel nuts, 384 
Beth root, 374 
Betula oil, 419, 429 
Bicarbonate of soda, 34 
Birch oil, 419 
Birch-tar oil, 215 
Birlhsvort, 370 
Bismuth, 129 
glance, 129 
ochre, 129 

Ihsmuth ammonium citrate, 131 
Bismuth 6c/(/-naphthol, 132 
Bismuth 6c/fl-naphtholate. 132 
Bismuth carlxmate, basic, 130 
Bismuth chloride, 130 
Bismuth citrate, 131 
Bismuth gallatc, basic, 131 
Bismuth hydrate, 130 
Bismuth hydroxide. 130 
Bismuth nitrate, 131 
Bismuth nitrate, basic, 131 
Bismuth oxide. 130 
Bismuth o\> chloride, 130 
Bismuth oxyiodide. 130 
Bismuth oxynitrate, 131 
Bismuth i>henolsulfonate. 132 
Ihsnuith salicylate, basic, 131 
Bismuth suhhenzoate, 131 
Bismuth suhcarlxmate, 130 
Bismuth sulK'hloride. 130 
Bismuth suhgallate, 131 
Bismuth suhitKlide, 130 
Bismuth suhnitrate, 131 
Bismuth subsalicylate, 131 
Bismuth sulfocarbolate. 132 
Bismuth sulfophenylate, 132 
165, Bismuth trichloride, 130 
Bismuth trioxide, 130 
Bitter almond oil, 414, 428 
artificial. 415 
Bitter apple, 371 
Bitter ash. 363 
Bitter orange peel, 354 
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Bitter root, 370 
Bitterwood, 363 
Bixin, 338 
Black catechu, 390 
Black copper oxide, 125 
Black Indian hemp root, 374 
Black iron oxide, 111 
Black-haw root, 379 
bark, 379 

Black-haw tree bark, 379 
Black mercury oxide, 142 
Black root, 375 
Black rouge, 111 
Black smalt, 92 
Black snake rfx)t, 375 
Blanc fixe, 83 
Bleaching jx^wder, 75 
Bleach liquor, 39 
Blister copper. 124 
Block tin, 122 
Blood albumin, 476 
Blood, dried, 480 
Blood root, 374 
Blown castor oil. 313 
Blown oils, 279 
Blown rapeseed oil, 312 
Blubber oil, 304 
Blue, azure, 92 
cobalt, 92 
Saxony, 92' 

Blueflag root, 374 
Blue lead, sublimed, 135 
Blue mass, 142 
Blue ointment, 142 
Bluestone, 125 
Blue vitriol, 125 
Body oil, 304 

Boiled linseed oil, 311, 317 
Boiling points, usage of, 6 
Bois de rose oil, 408 
Bone, 77 
ash, 77 
black, 152 
fat, 304, 316 
glue, 475 


meal, steamed, 77 
oil, 304, 316 
Boracic acid, 19 
Borage, flowers, 385 
leaves, 385 
Borax, 46 
anhydrous, 46 
glass, 46 

Bordeaux mixture, 126 
Boric acid, 19 
Borneo camphor, 205 
Borneol. 205 
Borneo tallow. 306 
Bornyl acetate, 278 
Bornyl alcohol, 205 
Bornyl salicylate, 291 
Bourbon whiskey, 197 
Brandy, 197 
Brasses, 124 

Brazilian arrowroot. 464 
Brazilian cocoa, 383 
Brazilwood extract, 392 
Brimstone, 155 
British gums, 464 
British Indian gum, 432 
Broenner’s acid, 251 
Bromal, 487 
Bromides, 488 
Bromine, 153 
water, 153 
Bromol)cnzenc. 175 
Bromoform, 167 
Bromostyrenc, 178 
Bronze, 122 
aluminum, 124 
Bronze blue, 116 
Bronze powder, aluminum, 124 
gold. 124 

Bronzing nitnuellulose, 288 
Broom, 386 
Broomtop, 386 
Brown acetate, 80 
Brown iron oxide, 112 
Brown sienna, 113 
Brown umber, 112 
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Brucine, 398 
sulfate, 399 
Bryonia, 375 
Bubulum, 304 
Huchu leaves, 373 
Buckthorn, Aleppo, 393 
bark, 379 
berries, 379 
European, 393 
Smyrna, 393 
Bugroot, 375 
Burdock, 375 
herb, 375 
seed, 375 

Burgundy pitch, 440 
imitation, 440 
Burnt lime, 29 
Burnt sienna, 113 
Burnt umber, 112 
Butanes, 183 
Butter, 301 
fat, 301, 316 
Butterfly weed, 377 
Butternut bark, 380 
Butter of antimony, 121 
Butyl acetate, 279 
normal, 27(> 
secondary, 276 
Butyl alcohol, normal, 200 
secondary, 200 
tertiary, 200 
Butyl aldehyde, 221 
Butylamine, 256 
Butyl carbinol, normal, 201 
secondary, 201 
Butyl carbitol, 324 
Butylene, 170 
Butyl ether, 324 
Butyl lactate, 281 
Butyl oleate, 283 
Butyl oxalate, 284 
Butyl propionate, 281 
Butyl tartrate, 284 
Hutyraldehyde, 221 
Butyric acid, 236 


Butyric anhydride, 236 
Butyric ether, 281, 324 

Cacao butter, 305 
Cade oil, 424. 429 
Cadmium, 128 
yellow, 128 
lithopone, 128 
red, 128 

Cadmium bromide, 129 
Cadmium iodide, 129 
Cadmium selenide, 129 
Cadmium sulfide, 128 
Caffeine, 404 
bromide, 405 
citrated, 405 
hydrobromide, 404 
with sodium benzoate, 405 
Cajeput oil, 413. 428 
Cajeputol, 206 
Calabar beans, 368 
Calamine, 96 
Calamus, oil, 418, 428 
root, 353 
Calcimine, 475 
Calcined magnesia, 86 
Calcined magnesite, 86 
Calcined soda, 33 
Calcium, 71 
Calcium abietate, 81 
Calcium acetate, 80 
Calcium arsenate, 80 
Calcium bromide, 76 
Calcium carbide, 78 
Calcium carbonate, 71 
precipitated, 72 
roasted, 73 

Calcium caseinate, 478 
Calcium chloride, 75 
Calcium cyanamide, 78 
Calcium ferrocyanide. 80 
Calcium fluoride, 76 
Calcium gluconate, 81 
Calcium glycerophosphate, 81 
Calcium hydrate, 28 
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Calcium hydroxide, 28 
Calcium h\p<x'hlorite, 75 
Calcium hypi'phosphite, 78 
Calcium itxiide, 76 
Calcium lactate, 80 
Calcium nitrate, 78 
Calcium orthophosphate, 76 
Calcium oxide. 73 
Calcium palmitatc. 81 
Calcium phenolsul fonate, 81 
Calcium phosphate, 76 
dibasic, 77 
monobasic. 76 
primary, 76 
secondary, 77 
tertiary, 77 
tribasic, 77 
Calcium resinate. 81 
Calcium sequestration, 42 
Calcium silicate, 79 
Calcium soaps, 81 
Calcium stearate, 81 
Calcium sulfate. 73 
Calcium sulfide, 74 
crude, 74 
luminous, 74 

Calcium sul f(jcarbulate, 81 
C-8 alcohol, 202 
C-9 alcohol, .202 
C-10 alcohol, 202 
C-11 alcohol, 202 
C'12 alcohol, 202 
C-7 aldehyde, 222 
C-8 aldehvde, 222 
C-9 aldehyde, 222 
C-10 aldehyde. 222 
C-Il aldehyde, 222 
C-12 aldehyde. 222 
C-16 aldehyde, 222 
C-18 aldehyde, 222 
Calendula flowers, 385 
Calomel, 143 
Calumba root, 375 
Camomile oil, 421 


Camphor, artificial, 439 
Borneo, 439 
Buchu, 439 
gum. 438 
Japan. 439 
laurel, 439 
mint, 439 
monobrtunate, 439 
thymol, 439 
Camphorated oil, 307 
Camphoric acid, 249 
Camphor oil, 423, 429 
sassafrass\, 424 
white, 424 
Camwood. 359 
bark. 359 

C'anada balsam, 446 
C'anada snakenH)t, 378 
Canada snakeroot oil, 410, 427 
Canada tui iH*ntine, 446 
Canadian hemj)root, 374 
Canary seed, 362 
Candelilla wax, 319, 321 
Canella alba ))ark. 348 
Cannabis, 369, 487 
Cantharides, 387 
Caoutchouc, 443 
Capric acid, 237 
Cai)roic acid. 236 
C'apronic acid, 236 
Capryl acetate, 277 
Capryl alcohol, 202 
Caprylic alcohol, 202 
Caprylic aldehyde, 222 
Capsicum, 349 
Capsicum oleoresin, 427 
Carageenin, 391 
Caramel, 338 
Carat, 3<>4 

meaning of, 140 
Caraway, oil, 41f), 428 
seed, 353 

Caraway-seed oil, 416 
Carbamide, 258 
Carbazole, 261 
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Carhitol, 324 

Carboliydratcs, nature of, 456 
Carbolic acid, 210 
crude, 174 
Carbon, 150 
activated, 151 
animal, 152 
black, 150 
decolorizing, 151 
Carbon l)ichl(jride, 169 
Carbon bisulfide, 152 
C'arbon dichloride. 169 
Carbon dioxide, 20, 152 
Carbon disulfide, 152 
Carl)on monoxide, 152 
Carbon tetrachl<»ri<le. 167 
Carbonic acid, 20 
Carlxixylic a«'ids, meaning of, 231 
( arbronial. 487 
Car<loinom seed, 353 
CardaiiKuiseed oil. 425 
Ce>lon, 425, 429 
Malabar. 425, 429 
Carminative. 484 
C armine. 342 
red. 342 

C'arnauba wax, 319, 321 
Carob, bean, 364 
seed, vV>4 

(.'arob-tree bean, 364 
Carpenters’ glue, 475 
Carroting, 144 
Cartbannis. 38(> 

C arvol, 229 
Car\one, 229 

Cascara sagrada, bark, 372 
berries, 372 
Cascanlla oil. 423. 429 
(^ase-hardening mixture, 44 
C'asein, 47(» 
acid. 477 
plastics. 478 
rennet, 478 
self-soured, 478 
wool from, 479 


Casing-head gasoline, 186 
Cassava starch, 464 
Cassella’s acid, 251 
Cassia, 348 
biuls, 348 
Cassia fistula, 385 
pods, 385 
pull), 385 

Cassia oil, 416, 428 
Cassiterite. 122 
Castile soap, 59 
Cast iron, gray. 111 
white, 111 
Castor, 440 
Castoreum. 440 
Castor oil, 313, 317 
blown. 313 
sulfonated, 252 
Castor iximace, 480 
Catalin, 452 
Catmint, 381 
Catnep. 381 
Catnip. 381 

Caustic, meaning of, 22 
Caustic i)oison act, 482 
Caustic potash. 25 
relative cost of, 27 
Caustic soda, 23 
relative cost of, 27 
Cayenne pep])er. 349 
Cedarleaf oil, 421 
CedarwiKMl oil. 421, 429 
Celery seed. 356 
Celery seed oil. 42(), 429 
Celestial blue, IH) 
Celcstite, 84 
Cellophane, 280. 460 
Celluloid, scrap, 288 
shavings. 288 
Cellulose, 456 
461 

beta, 461 
esters, 460 
ethyl, 460 
gamma, 461 
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Cellulose, hydrated. 459 
low-grade, 459 
methyl, 460 
pure, 461 

Cellulose acetate, 279 
Cellulose acetobutyrate, 280 
Cellulose ether, 326 
Cellulose nitrate, 286 
Cellulose pentaacetate, 279 
Cellulose tetraacetate, 279 
Cellulose triacetate, 279 
Cellulose xanthate, 460 
Cerargyrite, 139 
Ceresin, 192 
Cerium hydrate, 148 
Cerium oxalate, 148 
Cerous hydroxide, 148 
Cerous oxalate, 148 
Certified food colors, 331 
Cetyl alcohol, 202 
Cevitamic acid. 251 
Chalcocite, 124 
Chalk, 71 
dropped, 73 
precipitated. 72 
prepared, 73 
whiting. 72 

Chamomile, flowers, 385 
oil. 421, 4^ 

Charcoal, black, 151 
hardwood, 151 
soft-wood, 151 
willow. 151 

Champaca wood i)il, 427 
Channel black, 150 
Chaulmoogra oil, 313, 317 
Checkerberry, 382 
Chemical classifications of dyes, 332 
Chemically pure, meaning of, 1 
Chemical names and trade names, 
usage of, 4 
Chenojxjdium oil, 411 
Cherry hark, wild, 352 
Chestnut extract, 389 
Chicago acid, 251 


Chicle, 446 
Chicory root, 346 
Chile saltpeter, 40 
Chillies, 349 
China clay, 106 
Chinaw’ood oil, 307 
Chinese bean oil, 308 
Chinese blue, 116 
Chinese ginger, 376 
Chinese isinglass, 393 
Chinese tree wax, 319 
Chinese vegetable tallow, 306, 317 
Chinese wax, 319, 321 
Chinidine, 400 
Chloracetic acid, 234 
Chloral, 221, 487 
Chloral hydrate, 221 
Chloride of lime, 75 
Chlorinated diphenyl, 455 
Chlorinated lime, 75 
Chlorinated rubber, 455 
Chlorinated starch, 464 
Chlorine, 153 
bleach, 39 
water, 153 

Chloroacetic acid, 234 
Chloroacctophenone, 175 
o-Chloroaniline. 263 
Chlorobenzene, 165, 174 
Chloroform, 167, 488 
Chlorohydric acid, 12 
Chloromethane, 166 
Chloropicrin, 254 
Chloroplatinic acid, 145 
Chlorophenol, 211 
meta-, 211 
ortho-, 211 
211 

Chlorf>prene, 455 
Chlortisulfonic acid, 11 
Choi agog ue, 484 
Chromate red, 136 
Chrome acetate, 110 
Chrome ammonium alum, 110 
Chrome alum, 110 
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Chrome cake, 35 
Chrome dyes, 329 

Chrome green. See lead chromate. 
Chrome orange. See basic lead 
chromate 

Chrome oxide green, 109 
Chrome potash alum, 110 
Chrome saltcake, 35 
Chrome yellow, 136 
Chromic acid, 19 
Qiromic anhydride, 19 
Chromic oxide, 109 
Chromic sulfate, 109 
basic, 109 
Chromium, 108 
Chromium acetate, 110 
Chromium fluoride, 110 
Cliromium sulfate, 109 
Chromium trioxide. See chromic 
acid 

Chrysarobin, 395 
Ciment fondu, 79 
Cimifuga, 375 
Cinchona bark, 3(/) 
pale, 366 
red, 366 
yellow, MAi 
Cinchonidine, 400 
Cinchvmine, 400 
Cinchophen, 273 
Cinnabar, 141 
Cinnamon, 348 
Ceylon, 348 
Chinese, v348 
Taigon, 348 
white, 348 
wild, 348 

Cinnamon-leaf oil, 415 
Cinnamon oil, 415, 428 
Ceylon, 415 
Seychelle, 415 
Chinese, 416 
Cinnamic acid, 247 
Cinnamic alcohol, 208 


Cinnamic aldehyde, 224 
Cineol, 206 
Citral, 223 

Citrated caffeine, 405 
Citric acid, 243 
Citrine ointment, 144 
Citronellal, 222 
hydrate, 223 
Citronella oil, 412, 428 
Citronellol, 207 
Citronellyl acetate, 278 
Civet, 441 

Classification of d 3 X*s, 332 
Clay, 106 
China, 106 

Cleaners’ naphtha, 185 

Cleve’s acid, 251 

Cloud i)oint. meaning of, 181 

Clove oil. 417 

Clover tops. 386 

Cloves, 350 

Coal, 152 

Coal gas, 152 

Coal tar, 172 

chemicals, meaning of. 172 
creosote, 212 

low-temperature distillation, 172 
naphtha, 177 
pitch. 173 
prepared. 173 
Cobalt. 91 
Cobalt ahietate, 93 
Cobalt acetate. 93 
Cobalt blue. 92 
Cobalt carbonate, 91 
Cobalt chloride, 92 
Cobalt hydrate, 92 
Cobalt linoleate, 93 
Cobalt oleate, 93 
Cobalt oxide, 92 
Cobalt resinate, 93 
Cobalt sulfate. 92 
Coballic oxide, 92 
Cobaltous acetate. 93 
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Cobaltoiis carbonate, 91 
Cubaltous chloride, 92 
Cobaltoiis hydroxide, 92 
Cobaltoiis linoleate, 92 
Cobaltoiis oleatc, 93 
Cobaltt>us resinate, 93 
Cobaltoiis sulfate, 92 
Coca, 487 
Cocaine, 398, 487 
hydrochloride, 398 
Cocculiis, 384 
Cochineal. 337 
Cociliana bark. 366 
Cocillana bark, 36() 
Cocilliana hark, 366 
Cocoa Initter, v^Ov^, 317 
Cocoaniit aldehyde, 222 
Cocoaniit oil, 309, 317 
Coco leaves, 384 
iluanaco. 384 
Triixillo, 384 
Coconut aldehyde. 222 
Coconut butter, 309 
Coconut oil, 309, 317 
fatty acids, 240 
Codeine. 397, 487 
hydrochloride. 397 
j)hosphate, v397 
sulfate, 397 
Cod-liver oil, 314, 316 
nonde^tearinated, 315 
Cod oil, 315, 316 
Coffee, 345 
Cojj^nac oil, 425, 429 
Cohosh, 375 
Coke, 152 
Colchicine, 404 
Colchium seed, 369 
Cold test, meaninj< of, 181 
Colic root, 376, 378 
Collinsonia. 378 
Collodion, 288 
flexible, 288 
Colocynth pulp, 371 


Colombo root, 375 
Colophony, 434 
Color, fliisii, nature of, 340 
dispersed, nature of, 340 
pulp, nature of, 340 
Color index number of dyes, 332 ^ 
Color lake dyes, 330 
Color lakes. 330 
Color num))er, meaning of, 181 
Colors, reduced, nature of, 339 
Coltsfoot, 381 
Coliimbo root, 375 
Col/a oil. 312 

Common dyestuffs readily available, 
list of. 333. 334. 335, 336, 337 
Common salt, 37 
Composition metal leaf, 103 
ComfM)und tincture of benzoin. 437 
Concentration, expressions of, 3 
Concrete, 79 
Condiirango bark, 380 
Congo Copal, 433 
Coniuni. 367 

Constants for essential oils, 427, 428, 
429 

Constants for fats and fatty oils, 316, 
317 

('onstants for fish oils and fish-liver 

oils, 316 

Constants of waxes, physical, 321 
Co})aiba balsam, 447 
Copaiba oil, 423, 429 
Copal resin, hard, 435 
Copper. 124 
blister. 124 
pyrites, 124 

Copper acetate, basic, 127 
Copperas, 113 
Copper carbonate, 125 
Copper chloride, 126 
Copi>er cyanide, 126 
Copiier i(Hlide, 126 
CopiK-r nitrate, 126 
Cupi)er oleate, 127 
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Copper oxide, 125 
black. 125 
red, 125 

Copper phthalocyanine blue, 128 
Copi)er rc^iiiate, 127 
Copper stearate, 127 
Copper sulfate, 125 
Copra, 363 
oil, 309 

Coriander seed, 353 
oil, 409, 427 
Corn, dextrin, 465 
oil, 312, 317 
sirup, 
starcli, 4f)2 
sugar, 469 
whiskey, 197 
Cornsilk, 387 
Corrigant, 484 
Corrosive sublimate, 143 
Cosmetic act, 486 
Costus t)il, 409 
Cotton, 456 
flock. 459 
low-viscosity, 286 
soluble. 288 
C'ottonroot !)ark. 380 
Cottonseed, cake, 480 
bull ash. 49 
meal, 479 
oil. 306, 317 
pitch, 191 
stearin. 307. 317 
Cough wort, 381 
Coumarin, 249 
methyl, 249 

Coumarone-indene resins, 453 
C'oumarouna beans. 352 
Counterirritant, 484 
C.P., meaning of. 1 
Cracked gasoline, 18() 

Cramp bark, 380 
Cran!)erry, 380 
Craneshill, 375 
Cream of tartar, 57 


Creosote, light, 173 
heavy, 174 
oil, 174 
Creosote, 212 
beech wood, 213 
blast-furnace tar, 213 
carbonate, 214 
coal-tar. 212 

low-tempcraturc tar, 213 
producer-gas, 213 
vertical-retort, 213 
water-gas tar, 213 
wood, 213 
w(K>d-tar, 213 
Cresol. 211 
mrta-, 212 
ortho-, 211 
f^ara-, 212 

Cresylic acid, 174, 211 
Crocus, 162 
Crotonaldehyde, 220 
Ootonic acid, 236 
Croton oil, 312, 317 
Crude carbolic acid, 174 
Crude grade, meaning of, 2 
Crude naphtha. 173 
Crude oil. 181 
Crude iK‘troleum. 181 
Crude phenol, 174 
Crude quinoline. 174 
Cube, extract, 393 
root, 357 

Cubeb, berries, 383 
oil. 424, 429 
Cudbear, 392 
Culver's rcH)t, 375 
Cumar resins, 453 
Cumene, 177 
Curnic aldehyde, 225 
Cuminic aldeliyde, 225 
Cumin, oil. 425, 429 
seed. 382 

Cupric acetoarsenite, 127 
Cui)ric carlK)natc, 125 
basic, 125 
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Cupric chloride, 126 
Cupric nitrate, 126 
Cupric oleate, 127 
Cupric oxide, 125 
Cupric resinate. 127 
Cupric stearate, 127 
Cupric sulfate, 125 
Cuprite, 124 
Cuprous cyanide. 126 
Cuprous iodide, 126 
Cuprous oxide, 125 
Curcuma, 347 
Cut-back asphalt. 190 
Cutch, 390 
Cyanamide, 78 
Cyanide-chloride mixture. 44 
Cyclic compounds, naming of, 165, 
16 () 

Cyclohexanol, 211 
Cylinder oil, 188 
C\mene, 179 
Cypress oil. 415, 428 


Dakin*8 solution, 39 
Damiana leaves. 381 
Dammar, gum. 435 
Dandelion, 375 
Dayton synthetic resins, 454 
Dead-burned magnesia. 86 
Deadly nightshade, 367, 402 
Dead oil, 212 
Decolorizing carbons, 151 
I^ecvl alcohol, 202 
Decyl aldehyde. 222 
Decylic alcohol. 202 
Decylic aldehyde. 222 
Deer's tongue leaves. 362 
Deertongue leaves, 362 
Degras, 302 
de Haens salt, 121 
Demulcent, 484 

Denatured alcohol, completely, 198 
specially, 199 
Dental plaster, 73 


Deodorant, meaning of, 209 
Deodorized kerosene, 187 
Depressant, 484 
Derris, extract, 393 
root, 357 
Dextrins, 4b4 
corn, 465 
potato, 465 
Dextrose, 469 
Dextro-tartaric acid, 243 
Diacetic ester, 282 
Diacetone alcohol. 203 
Diaminotoluene, 269 
Diammonium phosphate, 66 
Diamonds, 150 
Diamylanine, 256 
Diamylene, 171 
Diamyl ether. 324 
Diamylnaphthalene, 178 
Diamyl oxalate, 284 
2,4-Diamyl phenol, 215 
I 'ianiyl phthalate, 292 
Diamvl sulfide, 286 
I 'ianisidine, 264 
Diaphoretic, 484 
Diatomaceous earth. 159 
Ivibasic ammonium phosphate, 66 
Dibasic calcium phosphate, 77 
Dibasic sixlium phosphate, 41 
Dibromostyrene, 178 
Dibutoxyetbvl phthalate, 292 
l^ihutylamine. 256 
Dil)utyl oxalate, 284 
Dibutyl (ilithalate. 292 
Dibut\l tartrate, 284 
Dicalcium iihosphatc, 77 
Dichlorobenzcnc, 175 
meta-, 175 
ortho', 175 
pitra-, 175 

Dicbloroctbylenc, 169 
Dicblfiroethyl ether. 323 
Dichloromethane, 166 
Dichloropentane, 170 
Di compounds, meaning of, 166 
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Diesel oil, 188 
Diethanolamine, 257 
Diethylaldehycle, 221 
Diethylainine, 255 
Diethylanilinc, 261 
Diethylbarhituric acid, 258 
Diethyl carbinol, 201 
Diethyl carbonate, 285 
Diethylene glycol, 203 
Diethylene glycol monobutyl ether, 
324 

Diethylene glycol monoethyl ether, 
324 

Diethylene glycol monoethyl ether 
"acetate, 279 

Diethylene glycol monomethyl ether, 
324 

Dieth>lene oxide, v323 
Diethyl ether, 322 
Diethylmalonyl urea, 258 
sodium, 258 

Diethyl-ur/Zn^-toluidine, 265 
lliethyl oxalate, 284 
Diethyl oxide. 322 
Diethyl phthalate, 291 
Diethsl sulfate. 286 
Dielhyl-u-toluidine, 265 
Digallic acid. 248 
Digestive, 484 
Digitalis, 366, 488 
glucosides, 488 
Diglycol laurate, 283 
Diglycol oleate, 283 
Diglycol stearate, 284 
Dihydroxysuccinic acid, 243 
Dill seed, 356 
oil, 426, 429 
Dill-weed oil. 429 
Dimethoxybenzidine, 264 
Dimethylamine, 255 
Dimethylaminoantipyrine, 272 
Dimethylaniline, 260 
Dimethylanthranilate. 291 
Dimethyl benzene, 176 
Dimethyl ethyl carbinol, 201 


Dimethyl hydroquinone, 218, 326 
Dimethyl phthalate, 291 
Dimethyl sulfate, 286 
Dinitrobenzene, 266 

7n-, 266 
0-, 266 
/>-, 266 

Dinitrochlorobenzene, 267 
Dinitronaphthalene, 271 
Dinitrophenol, 267 
Dinitrotoluene, 268 
l^iorthotolylguanidine, 259 
Dioxan, 323 

Di-/>oru-aminodimethoxydiphenyl, 

264 

Dipentene, 171 
Diphenyl, 175 
Diphenylamine, 261 
Diphenyl ether, 324 
Diphenylguamdine, 259 
Diphenylketone, 229 
Diphenylmethane, 175 
Diphenyl oxide, 324 
Diphenyl thiourea, 269 
Dip oils, 213 
Direct cotton dyes, 329 
Disinfectant, meaning of, 209 
Disodium phosphate. 41 
Disodium pyrophosphate. 42 
Dispersed color, nature of. 340 
Distilling range, meaning of, 4 
Diuretic, 484 
Divi-divi. 359 
extract. v390 
Doggrass root, 375 
Dogwood, bark, 379 
white, 379 
black. 379 

Dolomitic limestone, 71 
Dolphin oil, 304, 316 
Doi^e nitrocellulose, 288 
Double nickel salt, 91 
Double-pressed, meaning of, 3 
Dover’s powder, 401 
DPG, 259 



INDEX 


508 

Dragon’s bloocl, 436 
Dried blood, 480 
Dried raspl)erries, 354 
Dropped chalk, 73 
Drug Act, 486 
Dry ice, 20, 152 
Drying oils. 298 
Duboisine, 402 
sulfate, 402 
Duprene, 455 
Duralumin, 102 
Duraplex. 452 
Durex, 451 
Durite, 452 
Dust, zinc, 96 
Dutch madder, 361 
Dutch oil, 422 
Dutcli pink, 342 
Dutcii yellow, 342 
D>cs. acetate-rayon, 331 
acid. 328 
alizarin, 329 
aniline. 260 
basic, 329 
certified f(xjd, 331 
chrome, 329 
classification of, 332 
color index numl)er of, 332, 333, 
334, 335, 336, 337 
color lake, 330 
direct cotton, 329 
food, 331 

list of, 333, 334, 3.35, 3.36,, 337 

mordant, 329 

natural, 3.30 

nature of, 328 

substantive, 329 

sulfur, 330 

vat, 330 

Dyestuffs. See dyes 

Earth, diatomaceous, 159 
infusorial, 159 
Earthnut oil, 308 
East Indian copaiba, 447 


Ebonite, 444 
Echinacea root, 376 
Egg albumin, 476 
Egg yolks, 305 
frozen, 305 
Egyptian privet, 360 
Elder, Howers, 385 
leaves, 385 
Elecampane, 376 
Elm bark, 373 
Emetic, 484 

Emetine hydrochloride, 400 
Emmenagogue, 484 
Emmolient, 484 
Enfieiirage, 407 
Kosin red, 341 
Ei)hcdra, 383 
Ephedrine, 401 
hydrochloride, 401 
sulfate, 401 
Epsilon acid. 251 
Eps(nn salt, 87 
Ergot, 369 

Erigeron oil, 425, 429 
Errhina, 484 
I{serine, 402 
salic> late, 402 
sulfate, 402 
Essence of Xiobe, 289 
Essential oiN, c«*nstams for, 427. 428, 
429 

isolation (d, 407, 408 
nature of, 406 
Ester gum, 454 
Esterol, 452 

Esters, meaning of, 274 
preparation of, 274 
Estragon oil, 411 
Ethane, 182 
Ethanol, 195 
Ether, 322, 488 
ethyl, 322 

Ethers, nature of, 322 
Ethyl acetate, 276 
Ethylacetic acid, 236 
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Ethyl acetoacetate, 282 
Ethyl acetone, 227 
Ethyl alcohol, 195 
absolute, 196 
anhydrous, 19o 
completely denatured, 198 
grain, 196 
molasses, 196 
specially denatured, 199 
special solvent, 198 
Ethyl aniline, 261 
Ethyl anthranilate, 291 
Ethyl benzoate, 289 
Ethyll)enzylaniline, 261 
Ethyl bromide, 168 
2-Etliyl butyl alcohol, 202 
Ethyl butyrate, 281 
Ethyl caprf)ate. 28v3 
Ethyl carbonate, 285 
b'thyl cellulose 326, 460 
Eth\l chloride, 168 
Ethyl chlorocarbonate, 285 
Ethyl chloroformate. 285 
Ethyl cinnamate, 291 
Ethyl crotonate, 282 
Ethylene, U)8 
ICthylene hromide, 169 
Ethylene chloride, 169 
Ethylene chlorohydrin, 204 
Ethylene diamine, 257 
Ethylene dihromide. 154, 169 
Ethylenedicarhoxylic acid, 244 
Ethylene dichloride, 169 
l‘'th\lene glycol, 203 
luhylene glycol monobutyl ether. 324 
bdhylene glycol monobut)! ether 
acetate, 279 

Ethylene glycol monoethyl ether. 324 
Ethylene glycol monoethyl ether 
acetate, 279 

Ethylene glycol monometh>l ether, 
324 

Ethylene glycol monomethyl ether 
acetate, 279 
Ethylene oxide, 323 


Ethyl ether, 322 
Ethyl formate, 275 
2-Ethyl hexyl acetate, 277 
Ethyl hydroxybutyrate, 282 
Ethylidene aniline, 261 
Ethyl iodide, 169 
Ethyl isoeugenol, 326 
Ethyl lactate, 281 
Ethyl methyl ketone, 227 
Ethyl nitrite, 285 
spirit of, 285 
Ethyl oxalate, 284 
Ethyl oxybutyrate, 282 
Ethyl-/’ura-toluene sulfonamide, 265 
Ethyl propionate. 281 
Ethyl silicate. 285 
Ethyl sulfate, 286 
Eth\l-/’-toluene sulfonamide, 265 
o-Ethyl-/>-toluene sulfonamide, 265 
Ethyl valerianate, 282 
Ethyl valcriate, 282 
Ethyl vanillin, 225 
Eucalyptol, 206 
Eucalyptus, leaves, 373 
oil. 413, 428 
Eugenol, 216 
Euphorbia, 387 
Euphorbium, 443 
Euquinine, 399 
Eurasian larkspur, 358 
Excitimiotor. 484 
Expectorant, 484 
Extender, meaning of, 72 
Extracts, flavoring. 197 
Extracts of natural prtxlucts, nature 
of, 388 

F acid, 251 
b'actice, 311 

Factors to calculate cost for anhy¬ 
drous acids, for acetic acid. 233 
for hydrochloric acid. 13 
for nitric acid. 16 
for sulfuric acid, 11 
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Fats, constants for, 316 
constants for, meaning of, 299 
edible, 295 
pressing of, 296 
rendering of, 295 

Fats and fatty oils, composition of, 
294 

constants for. 316, 317 
Fatty-acid pitch. 191 
I'atty acids, 238 
mixed, 240 

Fatty acid sulfates, 60 
Febrifuge, 485 
Feldspar, 105 
Fennel, oil, 411, 428 
seed, 356 

Fenugreek seed. 355 
Ferric acetate. 117 
Ferric ammonium citrate, 118 
Ferric chloride, 114 
Ferric citrate, 117 
Ferric glycerophosphate. 115 
Ferric hypophosphite, 115 
Ferric nitrate, 115 
Ferric oxalate, 117 
Ferric phosphate, 115 
Ferric potassium oxalate. 117 
Ferric pyrophosphate, 115 
h'erric sodium oxalate. 117 
Ferric sulfate. 114 
Ferrous icxlide, 114 
Ferrous oxalate, 117 
Ferrous phosphate. 115 
Ferrous sulfate. 113 
Ferrous sulfide, 114 
Ferrum reductum. 111 
Fertilizers, 481 

nitrogenous material for, 481 
Film scrap, 289 
Filter paper, 461 
Fineness, meaning of, 3 
Fir balsam, 446 
Fire point, meaning of, 180 
Fishbcrrics, 384 


Fish glue, 475 
h'ish scrap, 480 
dried, 480 
wet. 481 

h'ixation of nitrogen, 15 
Flag lily. 374 
Flake white lead, 135 
h'lash point, meaning of, 4, 180 
Flat gum, 454 
Flavoring extracts, 197 
Flavors, nature of, 408 
nonalcoholic, 408 
I'leahanc oil. 425 
h'leaseed, 364 
Floral essences, 408 
Florence oil, 310 
Idoressences, 408 
Flowers of sulfur, 155 
h'luorene. 178 
h'luorite, 76 
Muorspar, 76 
Idush color, nature of, 340 
Fo(xl colors, certified, 331 
Ft>od, Drug and Cosmetic Act, sum¬ 
mary of, 486 
I'ormaldehyde, 219 
h'ormaldehydc aniline, 260 
Formalin, 219 
h'ormic acid. 232 
Formic aldehyde, 219 
Formic ether, 275 
Formin, 259 
Fossil Hour, 159 
h'ossil resins, 430 
h'ox glove, 366 
h'rangula, 379 
hVankincense, 441 
Frasch process, 155 
Fringetree hark, 380 
Fructose, 470 
Fuel oil. 187 
residual, 188 
Fuller’s earth, 89, 107 
Fumaric acid, 242 
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Fuming sulfuric acid, 11 
Fuming nitric acid, 15 
Furane carbolic acid, 250 
Furfural, 223 
Furfuraldehyde, 223 
l‘'urfuramide, 273 
r'urfurol, 223 
b'urfuryl alcohol, 207 
Furnace oil, 187 
h'urniture glue, 475 
Furoic acid, 250 
I'used, meaning of, 2 
i'usel oil, 201 
I’ustic extract, 391 

Galactagogue, 485 

(ialangul r<K)t, 376 

(iall extract, 390 

(iallic acid, 248 

Gallotannic acid, 248 

(jalvanized iron, 96 

(iambier, 388 

(iamlxjge, 442 

(iamtna acid, 251 

(/a mu-cellulose, 461 

(iiimtfta compounds, meaning of. 165 

Garbage tankage, 481 

Garlic oil. 418, 428 

Gas black, 150 

Gas, natural. 182 

(ias oil, 187 

Ciasoline, antiknock, 186 
casing-head, 18() 
cracked, 18(> 
leaded, 18<j 
natural, 186 

octaine number of, meaning of, 186 
re-formed, 186 
straight run. 1H(» 

(iaultheria oil, 418 
(ielatin, 472 
edible, 473 
technical, 474 
Gelscmiuni, 376 
Gelva, 453 


Gentian, 370 
Geranial, 223 
Geranialdehyde, 223 
Geraniol, 206 
Geranium, 375 
Geranium oil, 412, 428 
Turkish, 413 
Geranyl acetate, 278 
(ieranyl butyrate, 278 
Geranyl formate, 278 
German silver, 124 
Germicide, meaning of, 209 
Gin, 198 

Ginger, wild, 378 
Ginger, oil, 427, 429 
root, 347 
Gingily oil. 308 
(iinseng, 376 
(ilacial acetic acid, 232 
(ilass, Ixjrax, 46 
(dassmakers’ sand, 159 
(ilauber’s salt, 34 
(iluct)nic acid, 237 
(ilucose, 4()0 
Glue. 472 
carpenters’, 475 
furniture. 475 
hide, 474 
prepared, 475 
rabbit, 474 
skin, 474 

Glues, vegetable, 464 
Glycerine. 204 
Cihcerine Ixiriborate, 284 
(ilycerol, 204 
(dycerol boriborate, 284 
Glycerol monostearate. 283 
Glyceryl diacetate, 279 
(ilycer>l monoacetate, 278, 279 
Glyceryl phthalate, 292 
Gljceryl stearate, 283 
Glyceryl triacetate, 279 
Glycine, 472 
Glycol boriborate, 284 
Glycol phthalate, 292 
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Glyconic acid, 237 
Glyptal resins, 452 
Goa powder, 395 
Gold. 140 
filled, 140 
white, 140 

Golden antimony sulfide, 121 
Gold bronze powder, 124 
Gold chloride, 141 
brown, acid, 141 
\ellow, 141 
Goldenseal root, 372 
Gold-of-pleasure seeds, 383 
Ciold-soda chloride, 141 
Gossipium hark. vl80 
Grade designations, 1-4 
chemically pure, 1 
concentration, 3 
CP.. 1 
crude, 2 

distilling range, 4 
double-pressed, 3 
dry-ground, 3 
flash p<jint, 4 
fused, 2 
mesh, 3 
N.F,, 1 

precipitated, 2 
proof, 3 - 
refined, 2 
single-pressed, 3 
specific gravity, 3 
technical, 1 
triple-pressed, 3 
U.S.P., 1 
viscosity, 4 
volume, 3 

water of crystallization, 2 
water of hydration, 2 
wet-ground, 3 
Granular zinc, 96 
Grapefruit oil, 426 
Grape sugar, 469 
Graphite, 151 
Gray acetate, 80 


Gray cast iron, 111 
Gray powder, 142 
Grease, house, 300 
white, 301 
wool, 302 
yellow, 301 

Greases, lubricating, 190 
Green, tungstated brilliant, 137 
tungstated emerald, 137 
Green bar soap, 310 
Greenockite, 128 
Green soap, 60 
Green vitriol, 113 
Grindelia robusta, 386 
Ground holly, 374 
Groundnut oil, 308 
G salt, 63 
Guaiacol, 217 
carbonate, 217 
Guaiac-wood oil, 427, 429 
Guanidine, 258 
Guarana, 383 
paste, 383 

Guayulc rublx'r, 445 
Gum acacia. 431 
Gum amber, 435 
Gum ammoniac, 441 
Gum arnmoniacum, 441 
Gum arabic, 431 
(him asafetida, 441 
Gum asphaltum. See asphalt 
Gum l)cnzt)in, 437 
Gum camphor, 438 
Gum Copal, 432 
Gum damar, 435 
Gum dammar, 435 
Batavia, 436 
dewaxed, 436 
Singapore, 436 
Gum elemi, 443 
Gum euphorhium, 443 
Gum galbanum, 443 
Gum gamlx^ge, 442 
Gum ghatti, 432 
Gum guaiac, 436 
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Gum karaya, 431 
Gum kauri, 435 
Gum kino, 442 
Gum mastic, 436 
Gum myrrh, 442 
Gum olibanum, 441 
CiUm opium, 438 
Gum plant, 38(j 
Gum pontianak, 446 
Gum resins, 430 
Gum rosin, 434 
Gum sanclarac, 437 
Cium savakin, 432 
Gum scammoiiN, 437 
(ium Senegal, 432 
(iiim talha, 432 
(ium thus, 442 
Gum tragacanth, 431 
Gum turpentine, 422 
(iums, Nsater-soluble, 430 
(ium Yacca, 433 
fiunmetal, 122 
(iiitta percha, 445 
red macassar, 445 
(jiitta Siak, 445 
(iutta Soli, 445 
(iynocarclia, oil, 313 
(iypsum, 73 
stucco, 74 

Haarlem oil, 422 
n acid. 251 

Half-second nitrocellulose, 288 
Halibut-liver »)il. 315, 3U> 
Halibut oil, 315 
Halite, 37 

ilardened oil, meaning of, 208 
Hard soap, 57 
Hard water, l(3l 
Hardw(XKi charcoal, 151 
Haveg, 452 
Hazards, usage of, 6 
Heavy creosote, 174 
Heavy spar, 83 
Heliutropin, 225 


Helium, 163 
Hellebore, black, 358 
green, 358 
white, 358 
Helonias, 378 
Hematin, 391 
Hematite, 111 
Hemlock, 367 
extract, 389 
oil, 422, 429 
1 lemostatic, 485 
Hemp. 459 
oil, 312 

Hempseed, 362 
oil. 312. 317 

Hemp root, Canadian, 374 
Henbane, 369 
Henna, 360 
ix)wdered, 360 
white, 3(K) 

Heptane, 183 

Heptyl aldehyde, 222 

Heptylic aldehyde, 222 

Hercolyn, 454 

Heroin, 487 

Herring oil. 314, 316 

1 lexa compounds, meaning of, 1(36 

Hexahydrobenzoic acid, 250 

1 lexalene, 211 

Hexalin, 211 

1 lexamethylcnetetramine, 259 
Hexane, 183 
Hexuronic acid, 251 
Hexyl acetate, 277 
Hexyl alcohol, secondary, 202 
Hex\l cinnamic aldehyde, 224 
Hide glue, 474 
Higher alcohols, 202 
Higher aldehydes, 222 
High-solvency naphthas, 184 
Hoarhound, 356 
Holly, ground, 374 
Homatropine, 401 
hydrobromide, 401 
Honey, 469 
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Hoof meal, 78 
Hoofoil, 304 
Hop oil, 423, 429 
Hops, 355 
HorehouncI, 356 
Horse fat, 299, 316 
House grease, 300 
Hydragogue, 485 
Hydrangea root, 376 
Hydrastine, 403 
H\drastis root, 372 
Hydrated aluminum chloride, 105 
Hydrated lime, 28 
Hydrated manganic oxide, 94 
Hydrazine, 258 
hydrochloride, 258 
Hydriodic acid, 14 
Ilydrobromic acid, 14 
Hydrocarhons. meaning of, 164 
naming of, 164, 165, 166 
Hydrocellulose, 459 
Hydrochloric acid, 12 

factor to calculate c(jst for anhy 
drous acid, 13 
Hydrocinnamic alcohol, 208 
Hydrocinnamic aldehyde, 225 
Hydrocyanic acid. 15 
I lydrortuoric acid, 13 
Hydr(jfluo5ulicic acid, 14 
Hydrofuramide, 273 
Hydrogen, 162 
I lydrogcnated naphtha, 184 
Hydrogenated oils, meaning of, 298 
Hydrogen bromide, 14 
Hy(lr<jgen cyanide, 15 
Hydrogen fluoride, 13 
Hydnjgen icKlide, 14 
Hydrogen peroxide, 161 
Hydroiodic acid, 14 
HydnKjuinone, 218 
Hydrosilicofluoric acid, 14 
()-Hydroxyhenzoic acid, 245 
Hydroxycitronellal, 222 
4- Hydroxy-2-keto-4-dimcthyl pen¬ 
tane, 203 


Hydroxylamine, 255 
hydrochloride, 255 
a-Hydroxypropionic acid, 235 
Hydroxyquinoline sulfate, 272 
H>dro.\ysuccinic acid, 242 
Hydroxytricarboxylic acid, 243 
Hyoscine, 401, 488 
hydrobromide, 401 
H\oscyamine, 401, 488 
hydrobroinide, 401 
sulfate. 401 
Hy oscyamus, 369 
Hypernic extract, 392 
Hypnone, 229 
Hypnotic, 485 
Hyi)o, 36 

Hypophosphorous acid, 18 
Hyssoi) oil, 423, 429 

Ice, dry, 152 
Iceland moss, 364 
Ichthyol. 251 
Ignatia, 365 
Ignatius beans, 365 
Ilmenite, 147 
Imiiies, meaning of, 254 
Imines, meaning t)f, 254 
Imitation ultramarine blue, 107 
Imperial gum, 454 
Inactive limonene, 171 
Indian gum, 431 
Indian hemp. 369 
Indian red. 112 
Indian satTron, 347 
Indian tobacc(», 373 
Indian verbena oil, 415 
Indol, 272 
Indole. 174, 272 
Indigo, 338 
false, 379 

natural Madras, 338 
wild. 379 

Industrial 90 per cent benzene, 171 
Industrial pure l>enzene, 171 
Industrial pure toluene, 176 
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Inferior gutta percha, 445 
Infusorial earth, 159 
Insect Howers, 357 
Insecticide, meaning of, 209 
Insect wax, 319 
Insulating lath, 458 
Insulation board, 458 
Inula, 376 
Inulin, 464 
Invert sugar, 469 
Iodine, 154 
organic, 155 
tincture of, 154 

Iodine value of fats, meaning of, 299 
lodi/ed oil, 314 
hidized starch, 464 
I(»doforni, 167 
lodoinethane, \(/) 
lonone, 228 
IjK'cac, 365 
Brazilian, 365 
Cartagena. 365 
deemetinized, M)6 
Nicaragua, 365 
Panama, 365 
Rio, 365 

Il)ecac and opium powder, 401 
Iris, 374 
Irish moss, 391 
Irish whiskey, 197 
Iron, 110 
galvanized, 96 
gray cast. Ill 
reduced, 111 
white cast. 111 
wrought, 111 
Iron acetate, 117 
Iron ammonia oxalate, 117 
Iron-base lakes, 340 
Iron chloride, 114 
Iron chromite, 108 
Iron citrate, 117 
Iron glycerophosphate, 115 
Iron h> iK)phosphite, 115 
Iron iodide, 114 


Iron nitrate, 115 
Iron oxalate, 117 
Iron oxide, black, 111 
brown, 112 
magnetic, 111 
red. 111 
synthetic, 112 
yellow, 113 
Inm perchloride, 114 
Iron persulfate, 114 
Iron phosphate, 115 
Iron pyrophosphate, 115 
Iron soda oxalate, 117 
Iron sulfate, 113 
Iron trichloride, 114 
Iron trisulfate, 114 
Irritant, 485 
local, 485 
Isinglass, 473 
Chinese, 393 
Japanese. 393 
patent, 373 
Isoamyl acetate, 277 
Isoamyl alcohol, 201 
Isoamyl benzoate, 289 
Isoam> Ibenzyl ether, 325 
Isoamyl butyrate, 282 
Isoamyl caproate, 282 
Isoamyl formate. 275 
Isoainyl lactate, 281 
Isoamyl mercaptan, 201 
Isoamyl nitrite, 285 
Isoamyl salicylate. 290 
Isoamyl stearate. 283 
Isobornyl acetate, 278 
IsolxM-nyl salicylate. 291 
Isobutyl acetate, 277 
lsobut\l alcohol, 200 
Isobutyl benzoate, 289 
Isobutyl carbinol, 201 
Isobutyl phenyl acetate. 280 
Isobut\l salicylate, 290 
Isoeugenol, 216 

Isolation of essential oils, 407, 408 
Isopentane, 183 



516 


INDEX 


Isopropanol, 199 
Isopropyl acetate, 276 
Isopropyl alcohol, 199 
Isopropyl ether, 323 
Isopropylidene acetone, 228 
Isopropyl toluene, para-, 179 
Isoquinoline, 174 
Ivory black, 151 

Jaborandi, 368 

J acid, 251 
Jalap root, 371 
Jamaica ginger, 348 
Japanese isinglass, 393 
Japanese w(x)d oil, 307 
Japan tallow, 305 
Japan wax, 305, 317 
Jasmine aldehyde. 224 
Jasmine odors, 406 
Jasmine oil, 421, 429 
Java pepper lorries, 383 
Javelle water, 39 
Jehitong, 446 
Jimson weed, 368 
Jomiuil oil, 421 
Juniper berries. 353 
Juniper-berry oil, 424, 429 
Juniper-tar oil, 424 
Juniper-wood oil, 424, 429 
Jute, 459 

Kainite, 51 

Kamala, 387 
Kaolin, 106 
Katchung oil, 308 
Kava kava, 376 
Kawa, 376 
Kerosene, 187 
deodorized, 187 
distillate, 187 
Ketol, 272 
Ketones, 226 
Keene’s cement, 74 
Kieselguhr. 159 
Kieserite, 87 
Knockout drops, 221 


Koch’s acid, 251 
Kola nuts, 383 
Kopols, 454 
Kava, 376 
Kraft pulp, 457 
Krameria, 377 
Krypton, 163 

Lacquer diluents, 185 
Lacquer, pyroxylin, 287 
Lactic acid, 235 
Lactose, 469 
Lady slipi)cr, 377 
Lake-red C toner, 341 
Lakes, iron-base, 340 
nature of, 339 
purple, 343 
Lampblack, 150 
Lanolin, 303, 316 
Lanthanum hydrate, 148 
l^num, 303 
Lappa, 375 

Larch turpentine, 449 
Lard, 300, 316 
ben/oinated, 301 
comiK)und, 301 
leaf, 300 
oil. 303, 316 
Larkspur seed, 383 
Laurel, I>erries, 383 
leaves, 383 

Laurel-berry oil, expressed, 416, 428 
Laurel-leaf oil. distilled, 416, 428 
Laurent’s acid, 251 
I^uric acid, 240 
Laurie alcohol, 202 
Laurie aldehyde, 222 
I^uryl alcohol, 202 
Lauryl aldehyde, 222 
Lavender-flower oil, 420, 429 
Lavender flowers, 361 
Lavender mlors, 406 
Lavender oil, 420 
English, 420 
French, 420 
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La vender-spike oil, 420, 429 
Laundry starch, 463 
Lead, 133 
hard, 133 
in oil, 135 
red, 134 

sublimed blue, 135 
tellurium, 133 
white, 135 
wool, 133 
I^ad acetate, 138 
basic, 138 
I^ad arsenate, 137 
Lead carbonate, 134 
basic, 134 
Lead chloride, 136 
I^'ad chromate, 136 
basic, 136 
Lead dioxide, 134 
leaded gasoline, 186 
Leaded zinc oxide, 97 
Lead iodide, 136 
Lead linoleate, 138 
Ivcad monoxide, 133 
Lead nitrate, 136 
Lead oleate, 138 
Lead orr/m-plumbate, 134 
Lead peroxide, 134 
Lead resinate, 138 
Lead stearate, 138 
Lead sulfate, 135 
basic, 135 

Lead tetraethyl, 137 
I-^ad titanate, LV) 

Leaf lard, 300 
Lemongrass oil, 428 
I^mon oil. 425, A2S) 

Lemon peel, 354 
Leptandra, 375 
Leucitc, 104 
Levulose, 470 
Lewi sol, 452 
Licorice extract, 394 
ammoniated, v^94 
Licorice root, 354 


Liege black, 151 
Light creosote, 173 
Light oil, 173 
Ligroin, 183 
Lilacine, 207 
Lilac odors, 406 
Lily-of-the-valley odors, 406 
Lime, 29, 71, 73 
burnt, 29 
chloride of, 75 
chlorinated, 75 
hydrated, 28 
milk of, 28 
pyrol ignite, 80 
relative cost of, 27 
slaked, 28 
slurry, 28 
spray, 30 
sulfurated, 74 
Lime acetate, 80 
Lime nitrate, 78 
Lime oil, 426 
distilled, 426, 429 
expressed, 426, 429 
Lime saltpeter. 78 
Lime slurry, 28 
Limestone, dolomitic, 71 
Limestone whiting, 72 
Lime-sulfur, 74 
Limewater, 28 
Limonenc, inactive, 171 
Linal(K)l. 206 
Linaloa-wood oil, 409 
Linaloe-wood oil, 409, 427 
Linalyl acetate, 277 
Linden flowers, 385 
with leaves, 386 
Linoleic acid. 240 
Linseed, cake, 480 
meal, 479 

Linseed oil, 311, 317 
Ixiiled, 311, 317 
fatty acids, 240 
sulfurated, 311 
Linseed pitch, 191 
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Liqueurs, 198 
Liquid ammonia, 26 
relative cost of. 27 
Liquid paraffin, 189 
List of common dyestuffs, 33d, 334, 
335, 33(), 337 
Litharge, 133 
cement, 134 
Lithium, 70 
Lithium bromide, 70 
Lithium carlx)nate, 70 
Lithium chloride, 70 
Lithium citrate, 70 
Lithium fluoride, 70 
Lithium iodide, 70 
Lithol-rubin toner, 342 
Lithol toner, 341 
Lithoix^ne, 98 
cadmium, 128 
Liverwort leaves, 381 
Lobelia, 373 
seed, 373 
Lobeline, 398 
Locto, 452 
Locust l)ean, 364 
gum, 364 

Locust kernel, 364 
Logvvo(xl extract, 391 
crystals, 391 
Logwood sticks, 361 
Lovage, oil, 410, 427 
root, 377 

Low-temperature distillation coal tar, 
172 

Low-viscosity cotton, 286 
Lubricating greases, 190 
Lubricating oil, 188 
Luccu oil. 310 
Luminal, 258 

Luminous calcium sulfide, 74 
Lunar caustic, 139 
Lupulin, 387 
Lycopodium, 364 
Lye, 23 


Macassar copal, 433 

Mace, 349 
oil, 425, 429 
Machine oil, 188 
Madder, 361 
Magnesia. 86 
alba, 86 
calcined, 86 
cements, 86 
dead-burned, 86 
milk of, 87 
Magnesite, 85 
calcined, 86 
Magnesium, 85 
Magnesium arsenate, 89 
Magnesium carI)onate, 85 
basic, 86 

Magnesium chloride, 87 
Maguesium fluosilicate, 89 
Maguesinm hydrate, 86 
Magnesium hydroxide. 86 
Magnesium h> {)ophosphite, 89 
Magnesium oxide, 86 
Magnesium palmitate. 89 
Magnesium peroxide, 87 
Magnesium silicate, 87 
Magnesium silicofliK)ride. 89 
Magnesium s()ai)s, 89 
Magnesium stearate, 89 
Magnesium sulfate, 87 
Magnetic iron oxide, 111 
Magnetite, 111 
Mai/e oil, 312 
Maleic acid, 242 
anhydride, 242 
Maleinic acid. 242 
Malic acifl, 242 
Maltose, 4(>8 
Malt vinegar, 232 
Malva, flenvers, 386 
leaves, 386 
Manacan, 377 
Manaca root, 377 
Manacine, 377 
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Mandarin oil, 426, 429 
Mandelic acid, 247 
Mandrake root, 371 
Indian, 371 
Manganese, 93 
Manganese al)ietate, 95 
Manganese acetate, 95 
Manganese arsenate, 95 
Manganese borate, 95 
Manganese carbonate, 94 
Manganese cliloride, 94 
Manganese dioxide, 94 
Manganese glycerophosphate, 95 
Manganese hydrate, 94 
Manganese iodide. 95 
Manganese linoleatc. 95 
Manganese {)erf»xide, 94 
Manganese resinatc, 95 
Manganese sulfate, 94 
Manganous chloride, 94 
Manganous icKlkle, 95 
Manganous linoleatc, 95 
Manganous sulfate, 94 
Mangrove, hark, 359 
extract, 390 
Manila copal, 433 
Manna. 357 
Mannite, 205 
Mannitol, 205 
Maple sugar, 468 
Marble. 71 
chips, 71 
dust, 72 
dour. 72 
Marhlette, 452 
Margarine. vl02 
afiirnal. 302 
vegctahlc. 302 
Marigold. 385 
Marihuana. 487 
Marjoriun, 355 
oil. 423, 420 
Maroon red lake, 342 
Marshmallow, leaves, 371 
root, 371 


Masticatory, 485 
Material, organization of, 6 
Matico leaves, 382 
May apple, 371 
Meadow anemone, 386 
Meal, cottonseed, 479 
hooi, 78 
linseed, 479 
sardine, 481 
steamed hone, 77 
Mecca balsam, 447 
Mechanical pulp, 457 
Medical terms, meaning of. 484, 485 
Melting pf)int of fats, meaning of, 299 
Melting i)oints, usage of, 6 
Menhaden, oil, 314, 310 
scrap, 481 
Menthol, 207 
Mercurial ointment, 142 
mild, 142 
strong. 142 

Mercuric chloride. 143 
Mercuric diammonium chloride, 143 
Mercuric iodide, 144 
Mercuric nitrate, 144 
ointment, 144 
Mercuric oxide, 143 
Mercuric sulfate, 144 
Mercuric sulfide, 143 
Mercurous chloride, 143 
Mercurous iodide, 144 
yellow, 144 
Mercurous oxide. 142 
Mercury, 141, 488 
and chalk, 142 
mass, 142 

Mercury bichloride. 143 
Mercury hi sulfate, 144 
Mercury black oxide, 142 
Mercury chloride, 143 
Mercury itxlide, 144 
Mercury oxide, 142 
black, 142 
red, 142 
yellow, 143 
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Mesh, meaning of, 3 
Mesityl oxide, 228 

il/e/a-aniinobeiizene sulfonic acid, 248 
Meta compounds, meaning of, 165, 
166 

3/c/a-diaminobenzene, 267 
3/r/(7-dibydroxybenzene. 216 
il/r/a-dinitr()l)enzene, 266 
Metal. Babbitt. 122 
Monel, 90 
type, 122 
white. 122 
Metallic brown, 112 
Metallic red. 112 
Metanilic acid, 248 
3/r/(i-nitroaniline, 266 
3/r/f/-nitro-/’uui-toluidinc. 267 
3/r/fl-nitrotoluene, 265 
3/r/(7-pbenylenediamine, 267 
Metastannic acid, 123 
3/r/77-styrene, 178 
.Ur/a-tolylenediaminc. 269 
Mentbyl salicylate, 290 
Methane, 182 
Methanol, 195 
Methenamine. 259 

Methods manufacture, usage of, 5 

Metronite, 89 

Methyl acetate, 275 

Methyl acetoacetate, 282 

Methyl acetone, 227, 276 

Meth\l acetophenone, 229 

Methylacetic acid, 236 

Methyl alcohol, 195 

Methylaniine. 255 

Methyl am\l ketcjiie, 228 

Methyl anthranilate, 291 

Methyl anthraquinone, 230 

Methyl benzene. 176 

Methyl benzoate, 289 

Methyl bromide, 167 

2-Methyl butane, 183 

Methyl butyl ketone, 227 

Methyl carbitol, 324 

Methyl cellulose, 460 


Methyl chloride, 166 
Methyl cinnamate, 291 
Methyl cinnaniyl ketone, 229 
Methyl coumarin, 249 
Methyl-/*-cresol. 325 
Mcthylcyclohexanol, 211 
Methylene blue, 338 
Methylene chloride, 166 
Methylene dianiline, 269 
Methyl ethyl ketone, 227 
Methyl cugenol, 326 
Methyl formate, 275 
Methylheptenone, 228 
Methyl heptine carbonate, 285 
Meth>l heptync carbonate, 285 
Methyl hexyl ketone, 228 
/^-Methyl indole, 272 
Methyl iodide. 166 
Meth>l lononc. 228 
Methyl is()l)ut\l ketone, 227 
Meth\l isoeugenol. 326 
2.5-Methyl isopropyl phenol. 215 
Methyl lactate. 281 
Methyl nai)hthyl ketone. 228 
Methyl nonyl acetic aldehyde, 222 
Methyl heptine carbonate, 285 
Meth> 1 heptyne carlx)nate. 285 
Methyl-/’t/ra-cresol, 325 
Methyl phenol, 211 
Meth>l phenyl carhinol acetate, 280 
Methyl propyl carhinol, 201 
Methyl propyl ketone, 227 
Methyl salicylate, 290 
Methyl styr>l ketone, 229 
Methyl sulfate, 286 
Methylsulh)nal, 293 
Methylthioninc chloride, 338 
Methyl tulyl ketone, 229 
Methyl violet toner, 343 
Mica, 107 
sheet, 107 

Michler’s kctf)nc, 230 
Middle oil. 173 
Milk powder, 479 
Milk sugar. 469 
Milk of lime, 28 
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Milk of magnesia, 87 
Millet seed, 363 
Milori blue, 116 
Mimosa oil, 421 
Mineral graphite, 88 
Mineral oil, white, 189 
Mineral rubl)er, 190 
Ming orange, 137 
Minium, 134 
Mixed acid, 18 
Mixed amyl chlorides, 170 
Modified natural resins, 454 
Moellons, 315 
degras, 315 
Molasses. 467 
sugarhouse, 468 
Molybdate orange, 137 
Molybdenite, 146 
Molylxlenuni, 146 
Monazite sand, 148 
Monel metal, 90 
Monkshocxl, vlbO 
Monoacetin, 278 
Monoanunoniuni phosphate, 66 
Monoaniylamine, 256 
MonoaniN Inaphthalene, 178 
Monoliasic amnioniuin phosphate, 66 
Mtdiobasic calcium pliosphate, 7t) 
Monobasic sodium phosphate, 40 
Monobutylamine, 256 
Moiiocalciiim phosphate, 76 
Monochloroacetic acid, 234 
Monochlorobenzcnc, 174 
Monochloroetliane, 168 
Mono compounds, meaning of, 166 
Monoethanolamine, 257 
Monoethyl aniline. 261 
Monopotassium hypophosphite, 53 
Monosodium phosphate, 40 
Monosulfonic acid, 251 
Montan wax, 192 
crude, 192 
Mordant dyes, 329 
Morphine, 397, 487 
acetate, 397 


ethyl hydrochloride, 397 
hydrobromide, 397 
sulfate, 397 
Morpholine, 257 
Mortar, 79 
Mossbunker oil, 314 
Mossy zinc, 96 
Motor benzol, 171 
Mottled soap, 59 
Mowolith, 453 
Muguet, synthetic, 223 
Mullein, flowers, 382 
Muriatic acid, 12 
Musk, ambrette, 270 
ketone, 271 
natural, 440 
root, 377 
synthetic, 270 
xylene, 270 
xylol, 270 

Mustard oil, 417. 428 
artificial, 417 
Mustard seed, 347 
black, 347 
brown, 347 
white, 347 
yellow, 347 
Mustardseed oil, 417 
Mutton tallow, 299, 300, 316 
Mydriatic, 485 
Myotic, 485 
Myristic acid, 237 
Myristica oil, 424 
Myrobalans, 360 
extract, 390 
Myrtle oil, 416, 428 

Naming of hydrocarbons. 164, 165, 
106 

Naming of organic comi)ounds, 164, 
165, 166 
Naphtha, 184 
cleaners’, 185 
coal-tar, 177 
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Naphtha, crude, 173 
high-solvency, 184 
hydrogenated, 184 
solvent, 177 

varnishniakcrs* and painters’, 184 
VM and P, 184 
Naphthalene, 165, 178 
Naphthalene sulfonates, 250 
Naphthenic acid, 250 
Naphthionic acid, 251 
Naphthol, alpha-, 217 
beta-, 217 

/3-Naphtliol benzoate, 289 
2-Naphtliol-v3.6-disulfonic acid, di¬ 
sodium salt of, 63 

2-Naphthol-0.8-disul funic acid, so¬ 
dium salt of, 63 

1- Naphthol-4-sulfonic acid, 251 

2- Xaphthol-6-sulfonic acid, so<Jiurn 

salt of. 63 

Naphtlnlamine, a-, 271 

)3-. 

l-NaphthyIaminc-3,8-disul funic acid, 

251 

l-Naphthylamine-4.8-disulfunic acid, 
251 

l-Xaphthylamine-6-sulfunic acid, 251 
l-Xaphthylamine-7-sulfunic acid, 251 

1- Xaphthylatnine-S-sulfunic acid, 251 

2- Xaphth>laininc-l-sulfunic acid. 251 
2-Xaphthylamine-6-sulfunic acid, 251 
2-Xaphthylamine-7-sulfunic acid, 251 
1 - X'aphthylamine-3,6,8-trisul funic 

acid, 251 

^-Xaphthylcthyl ether, 326 
^-Naphthylmethyl ether, 325 
Xapus seed. 363 
Narcissus oil, 421 
Narcotic, 485 
Nargol, 140 
Natural dyestuffs, 330 
Natural gas, 182 
Natural gasoline, 186 
Natural musk, 440 


Natural resins, modified, 454 
nature of, 430 
Neatsfoot oil, 304, 316 
sulfonated, 253 
Neocinchophen, 273 
Neroli oil, 420, 429 
artificial, 420 
Neon. 163 
Neoprene, 455 
Nepheline syanite, 106 
Nephritic, 485 
Nerol. 20() 

Nerolin. ,126 

Nervine, 485 

Neutral soap, 57 

Xevillac resins. 453 

Neville and Winther’s acid, 251 

Neville resins, 453 

N.F\, meaning (jf, 1 

Nickel. 90 

Nickel ammonium sulfate, 91 
Nickel carbonate, 90 
Nickel chloride, 91 
Nickel oxide, 90 
Nickel sulfate, 91 
Nicotine. 404 
sulfate, 404 

Nightshade, deadly, ,167 
Ninety ikt cent benzene. 171 
Niter. 50 
cake, 35 

Nitraniline, m-, 2(i() 

0-, 2b() 

/>-, 267 

Nitration benzene, 171 
Nitration pure toluene, 176 
Nitric acid, 15 

factor to calculate cost for anhy¬ 
drous acid, 16 
fuming, 15 

/?-Nitroacctanilidc, 262 
Nitroaniline, m-, 266 
266 
/>', 267 
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Nitrobenzene, 259 
Nitrobenzol, 259 
Nitrocellulose, 286 
bronzing, 288 
dope, 288 
emulsions, 288 
half-second, 288 
quarter-second, 288 
silver-lacfiner, 288 
o- Nitroclilorobenzene, 262 
/>-Nitrochlorobenzene, 202 
Nitrochloroforin, 254 
(<-Nitr()-/>-cblorophenol, 264 
Nitrogen, l62 
Nitrogen fixation, 16 
Xitrtjgenoiis fertilizer material, 481 
Nitrogen solution, 28 
Nitronaphtbalene, 271 
l-Nitronaphthalene-5-sulfonic acid, 
251 

o-Nitrophenol, 263 
/’-Nitropheiiol, 263 
/’-Nitrosodinietliylaniline, 268 
Nitrotoluenes, mixed, 264 
ui-Nitrotoliiene. 265 
n-Nitrotoluene, 264 
/’-Nitrotoluene. 264 
>;/-Nitr(j-/’-toluidine. 267 
/>-Nitro-o-tolindine, 268 
Nitrous ether. 285 

Nomenclature of organic compounds, 

164, 165, 166 
Nondrying oils, 268 
Non\ I alcohol. 202 
N\)n> 1 aldehyde. 222 
Nonylic alcohnl, 202 
Non>lic aldehyde, 222 
Normal am\l chloride, 170 
Normal comi>ounds, meaning of, 1(^6 
Novargan, 140 
Nutgall extract, 390 
Nutgalls, 360 
AlepjH), 360 
Chinese, 360 


Nutmeg, 349 
oil, 424. 429 
Nux vomica, 365 

Oakbark extract, 389 
Oak-moss, oil, 421 
resin. 443 
Ocher, yellow, 113 
(Jetane, 183 

1,8-Octane-dicarboxylic acid, 244 
Octane number, meaning of, 186 
Oct>l acetate, 277 
Octyl alcohol, 202 
Octyl aldehyde, 222 
Octylic alcohol. 202 
Octylic aldehyde, 222 
(lenanthic aldehyde, 222 
Oenanlhol, 222 
Oil, anthracene, 174 
creosote, 174 
crude, 181 
evlinder, 188 
dead. 212 
Diesel. 188 
fuel, 187 
furnace, 187 
gas. 187 
light. 173 
lubricating, 188 
machine. 188 
middle. 173 
mineral, while, 189 
paraftin, 188 
pine, 179 
plasticizing, 177 
putty, 188 
residual fuel, 188 
SAE values for, meaning of, 188 
shingle-stain, 177 
spindle. 188 
tar-acid, 174 
transformer, 189 
viscosity index, meaning of, 188 
vulcanized, 311 
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Oil edible, 295 
blown, 297 

constants for, 316, 317 
constants for, meaning of, 299 
drying. 298 
extraction of, 295 
hydrogenation of, 298 
nondrying. 298 
semidrying, 298 
summer, 296 
winter, 296 

Oil of bitter almonds, 223 
Oil of black pepper, 416 
Oil of frankincense, 422 
Oil of mirbane. 259 
Oil of neroli, artificial, 291 
Oil of Niobe, 289 
Oil of Pinus pumiilionis, 422 
Oil of Pinus sylvestris, 422 
Oil of rosemary, 423 
artificial, 423 
Oil of safrol, 325 
Oil of sweet bay. 416 
Oil of theobroma, 305 
Oil of turpentine, rectified, 422 
sulfurated, 422 
Oil of vitriol, 9 
Oil of white birch, 215 
Oils, essential'. See names of indi¬ 
vidual oils. 

fatty. See names of individual oils 
Oiticica nut oil, 307, 317 
Oleic acid, 239 
Oleomargarine, 302 
Oleo oil, 303, 316 
Oleoresins, nature of, 430 
Oleostearin, 300, 316 
Oleum, 11 

Olibanum oil, 422, 429 
Olive oil castile soap, 59 
Olive oil, 310 
denatured, 310 
foots. 310 
foot soap, 59 
sulfunated, 252 
sulfur, 310 


Olive-oil foots, 310 
Opium, 487 
deodorized, 438 
denarcotinized, 438 
granulated, 438 
gum. 438 
powdered, 438 
Orange, lead chromate, 137 
ming, 137 
molybdate. 137 
Orange-flower petals, 362 
Orange lake, 342 
Orange mineral, 134 
Orange oil. sweet, 426, 429 
Orange peel, bitter, 354 
sweet, 354 
Orange toners. 342 
Orchid extract, 392 
Oregon balsam, 446 
Orellin, 338 

Organic compounds, naming of, 164, 
165, 166 

Organic iodine. 155 
Organization of material, 6 
Origanum oil, 410, 427 
Orpiment, 119 
Orris, oil, 419. 429 
root, 361 

Or//io-aminoazotoluene, 270 
Or//n;-aminobenzoic acid, 246 
Or//io-aminophenol, 263 
Or//u;-amyl phenol, 215 
Or///o-anisidine, 264 
Orthoarsenic acid, 18 
Orthoboric acid. 19 
62r//;u-chloroanilin, 263 
Or//io-chlorophenol, 211 
Ortho comiMjunds, meaning of, 165, 
166 

Or//io-cresol, 211 
Or//io-dichlorobenzene, 175 
formula for, 165 
Or//in-dihydroxybenzene. 216 
Or/yin-dnitrol>enzene, 26() 
Or//n>-eth>l-/»urrt-t<jlucnc sul fonam- 
idc, 265 
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Or//t^-liydroxybenzoic acid, 245 
Or//io-h ydroxycumaric anhydride, 249 
Or/Ar)-methoxyaniline, 264 
Or/Ao-nitroaniline, 266 
Or//io-nitrochlorohenzene, 262 
Or//if7-nitro-/>ora-chloro|)henol, 264 
Or^/io-nitrophenol, 263 
Or//:o-nitrotoluenc, 264 
Orthophosphoric acid, 17 
Or^/io-tolidine, 268 
()rtho-Xo\uenc sulfonate, 248 
Or//u)-toluidine, 260, 269 
Orthotungstic acid, 21 
Osage orange extract, 392 
Otto of roses, 412 
Ouabain, 488 
Oxalic acid, 241 
Oxidized silver, 139 
Oxidized starch, 464 
Oxycelhilose, 460 
Oxyciuinoline sulfate, 272 
Oxygen, 162 
Oxytocia, 485 
Ozokerite, 192 

Painters* silex, 159 
Palinarosa oil, 413, 428 
Palm butler. 3(K') 

Palmitic acid, 240 
l*alm kernel oil, 30*>, 317 
Palm-nut oil, 309 
Palm oil, 306, 317 
Palm oil fatty aciti.s, 240 
Panax, 376 
Papain. 394 
Paper. 459 
rag. 459 

resin-impregnated, 450 
stock, 459 
washed linen, 459 
Paprika, 350 

Par(i-acetaminoi)henetol, 325 
Par(i-allyli)henylmethyl ether, 325 
/*flr(i-aminoacetanilide, 262 
Pora-atninoazobenzene, 270 


Porcr-aminobenzenesulfonic acid, 247 
Para-aminobenzoic acid, 246 
Pflra-aminophenol, 263 
hydrochloride, 263 
Paracasein, 478 
Paracetaldehyde, 221 
A/ra-chlorophenol, 211 
Para compounds, meaning of, 165, 
166 

Pflra-cumaronc resins, 453 
/’am-cymenc, 179 
/\/ra-diaminobcnzcnc, 267 
/'oro-diaminodiphenN 1, 268 
Pflru-dichlorobenzene, 175 
/*fl;n-dinitrobenzene, 266 
Para-dura, 452 
Paranrm, 191 
licjuid, 189 
oil, 188 
wax. 191 

Paraformaldehyde, 220 
Paru-hydroxybenzene, 218 
Para-\'>o\)ropy\ toluene, 179 
Paraldehyde. 221. 326. 487 
Paramet ester, 454 
/’(iru-nitroacetanilide. 262 
/^/r^7-^itroaniline, 267 

/’aru-nitrochlorobenzene, 262 
P(ir(7-nitro-ur//i(;-toluidine, 268 
P(7ru-nitrophen(»l, 263 
/\jn7-nitrosodimethylaniline, 268 
/6ir(7-nitrotolucne, 264 
l*aranol, 452 

/’rtra-phenylenediamine, 267 
Parai)lex, 454 

/'(;n/-tertiary amyl phenol. 215 
Panj-toluene sulfonamide. 265 
P(7r(r-toluene sulfonanilide, 266 
/’ar<j-tt»luene sul fonechloride, 248 
P(ir(j-toluidine. 260, 269 
Para toner, v^41 
Pareira, 377 
brava root, 377 
Paris green, 127 
Paris white, 72 
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Parsley, oil. 414, 428 
camphor, 414 
Parturient, 485 
Passion flower, 386 
Patchouli, leaves, 362 
oil. 410, 427 
Pawpaw juice, 394 
Peach aldehyde, 20 
Peach-kernel oil. 313, 317, 415 
Peacock blue, 116 
Peanut oil, v308, 317 
Pearl ash, 48 
Pearl starch, 463 
Pectin, 392 
Pectoral, 485 
Pellitory root, 374 
Pennyroyal, 362 
Penn\royal oil, 418, 428 
American, 418 
European, 418 
Pentalandite, 90 
Pentane, normal, 183 
Pepo, 363 
Pepper, 349 
black, 349 
cayenne, 349 
red, 349 
white, 349 
Peppermint. 352 
oil. 412, 428 
Pepi)er oil. 416, 428 
Pepsin, vegetable, 394 
Perchhjroethylene, 169 
Perfumes, nature of, 408 
Peri acid, 251 
Perilla oil, 312, 317 
Permanent blue, 116 
Permanent methyl violet, 343 
Pernambuco extract, 392 
Persian-berry extract, 393 
Persian gulf oxide, 112 
Persian orange lake, 342 
Persian red, 112, 136 
Peru balsam, 448 
Peruvian balsam, 448 


Peruvian hark, 336 
Petitgrain oil, 419, 429 
Petrolatum, 189 
Petroleum, crude, 181 
ether, 183 
jelly, 189 
pitch, 190 
resins, 454 
spirit, 183 
thinner, 185 
Pewter, 122 
Peyote, 487 
Phenacctin, 325 
Phenanthrene, 178 
Plicnazinc, 272 
Phenof)arhital, 258 
Phenol. 209, 210 
crude, 174 

Phenol-formaldehyde resins, 451 
Plienolphthalcin, 249 
Phenols, 210 
Phenylacetaldehyde. 224 
Phenyl acetamide, 262 
Phenylacetic acid. 246 
Phenylaretic aldehyde, 224 
^-Phenylaci N lie acid. 247 
Plienyl-a//’//(7-naphthylaminc, 271 
Phenylaniline, 261 
Phenyl brr)mide, 175 
Phenyl chloride, 174 
PhenvldimetliN li)yrazolon. 272 
Phenylencdianiine. 267 
267 

Phenyl ether, 324 
Phenylethyl acetate, 280 
Phenyl etli>l alcohol, 208 
Phenylethylharbituric acid. 258 
Phenylethyl i)n»pionate, 281 
Phenylhydrazine, 258 
hydrochloride. 257 
Phen> Ihydroxyacetic acirl, 247 
Hieny I methyl acetate, 280 
Phenyl meth>l ketone, 229 
Phenyl (x-naphthylamine. 271 
Phenyl propyl alcohol, 208 
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Phenylpropylaldchyde, 225 
2-Phcnyl-(iuiiK>linc-4-carboxylic acid, 
273 

Phenyl salicylate, 290 
PhlorosUicin, 21S 
Phloroj^lucinol, 218 
Phosphate rock, 77 
Phosplioric acid, 17 
Phosphorus, 157 
red, 157 
white. 157 
yellow, 157 

Phosphorus oxychloride, 158 
IMiosphorus iientachloride, 158 
Phosphorus pentasulfide, 158 
Phosjjhorus pentoxide, 17 
Phosphorus sesquisulfidc. 158 
Phos{)horus trichloride. 158 
Phosphorus trisulfidc, 158 
Phosi)hf)ryl chloride, 158 
PhospholuiiRstic i)ignients. 340 
Phthalic acid, 24^) 
anhydride. 246 

Phthalic-glyceridc resins, 452 
r’hysical constants of waxes, 321 
Physostigniine, 402 
salicylate, 402 
sulfate, 402 
Pichi leaves, 382 
I^icrantic acid. 2(0 
Picric acid, 2o3 
Pigments, nature of. XV) 
pho^photungstic, 340 
Pilocarpine. 403 
hydrochloride. 403 
nitrate. 403 
Pilocarpus, 368 
Pimento, 350 
oil. 417, 428 
Pimento-lKTry oil, 417 
Pimento-leaf oil, 417 
Pine-needle oil. 422. 429 
Pine oil, 170 
Pine oleoresin, 442 
Pine tar, 214 


Pinkroot, 377 
Pink rose lake, 342 
Piperonal, 225 
Piperonyl aldehyde, 225 
Piscidin, 379 
Pitch, cottonseed, 191 
fatty-acid, 191 
linseed, 191 
petroleum, 190 
stearin, 191 
wood-tar, 191 
Pitchblende, 148 
Plant products, natural, 344 
Plaskon, 453 
Plaster, dental, 73 
Plaster of Paris, 73 
Plasticizing oil, 177 
Platinum, 145 
Pleurisy root, 377 
Pliofilm, 455 
Pliolite. 455 
Plumbago, 151 
Podophyllin, 438 
Pogy oil, 314 

Poison, caustic, act governing, 482 
Poisonous properties, usage of, 5 
Poison i)arslcy, 367 
Poke root, 377 
Pol> styrene, 454 
Pomace, castor, 480 
Pomade. 408 
l^uiiegranate bark. 380 
Pontianak copal. 433 
Poppy, capsules, 362 
flowers, 362 
oil, 311 
seed, 362 
Poppyheads, 362 
Poppyseed oil, 311, 317 
Porpoise body oil, 304 
Porpoise jaw oil, 30A, 316 
Port. 197 

Portland cement, 79 
Potash, 48 
meaning of, 48 
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Potasli alum, 50. 104 
Potash blue, 116 
Potash chrome alum, 110 
Potash spar, 106 
Potash manure salt, 51 
Potassium, 48 
Potassium abietate, 60 
Potassium acetate, 55 
Potassium acid carbonate, 49 
Potassium acid oxalate. 56 
Potassium acid sulfate. 50 
Potassium acid tartrate, 57 
Potassium alum. 104 
Potassium aluminum sulfate, 104 
Potassium arsenite, 54 
Potassium bicarly)nate, 49 
Potassium bichromate, 53 
Potassium binoxalate, 56 
Potassium bisulfate, 50 
Potassium bitartrate, 57 
Potassium bromide, 51 
Potassium carbonate, 48 
Potassium chlorate. 52 
Potassium chloride. 51 
Potassium chromate, 52 
Potassium citrate, 56 
Potassium cyanide, 53 
Potassium dichromate, 53 
Potassium ethyldithiocarlK)nate, 61 
Potassium ethylxanthogenate. 61 
Potassium ferricyanide, 54 
Potassium ferrocyanide. 54 
Potassium glycerophosphate. 61 
Potassium guaiacol sulfonate, 62 
Potassium hydrate, 25 
Potassium hydroxide. 25 
relative cost of, 27 
potassium hypoplK)sphite, 53 
Potassium icxlate. 52 
Potassium iodide, 51 
Potassium magnesium sulfate, 49 
Potassium metabisulfite, 50 
Potassium metarsenitc, 54 
Potassium muriatCi 51 


Potassium nitrate, 50 
Potassium oleate, 60 
Potassium oxalate, 56 
Potassium palmitate, 60 
Potassium perchlorate, 52 
Potassium permanganate, 52 
Potassium prussiate, red, 54 
yellow, 54 

Potassium ricinolcate, 60 
Potassium silicate, 53 
Potassium soaps, 60 
Potassium sodium tartrate, 57 
Potassium stearate, 60 
Potassium sulfate, 49 
Potassium titanium oxalate, 56 
Potassium xanthate, 61 
Potassium xanthogenate, 61 
Potato dextrin, 465 
Potato starch. 462 
Pour point, meaning of, 181 
Powder, bleaching, 75 
Powdered white neutral soap, 59 
Powder of ipecac and opium, 401 
Precipitated, meaning of, 2 
Precipitated calcium carbonate, 72 
Precipitated chalk, 72 
Precipitated sulfur, 155 
Precipitated whiting, 72 
rVepared chalk, 73 
Prepared tar, 173 
Pressed wckxI, 458 
Prickl> ash, hark, 380 
berries, 380 

Primary ammonium iihosphate, 66 
Primary calcium phosphate, 76 
Primary sixlium phosphate, 40 
Prince’s pine herb, 374 
Processed wockI, 458 
Producer gas, 152 

Proof, meaning of as aiiplied to al¬ 
cohol concentration, 3 
Propane, 183 
Propionic acid, 236 
Propyl acetone, 227 
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Propyl alcohol, normal, 199 
Propylene, 170 
Propyletie dichUiride, 170 
Propylene, glycol, 203 
Propylene oxide, 323 
Proteins, nature of, 471 
soybean, 479 
Protein silver, mild, 140 
strong, 140 
Prussian blue, 116 
Prussic acid, 15 
Pseudo ionone, 228 
Psyllium seed, 364 
Pulp color, nature of, 340 
Pulp wood, 457 
Pulsatilla, 386 
Pumice, 160 
stone, 160 
Pumicite, 160 
Pumpkin seed, 363 
Pure red oxide, 112 
Purgative, 485 
Purple boneset, 382 
Purple lake 3Ih 343 
Purple lake red, 343 
Purple lakes, 343 
Purple lake toner, 343 
Purple oxide, 112 
Putty, 73 
Putty oil, 188 
Pyramidone. 272 
Pyrargyrile, 139 
Pyretbrum, extract, v393 
flowers, 357 
root, 374 
Pyridine, 173, 270 
Pyrites, 114 
Pyrocatechin, 216 
Pyrocatechol. 216 

Pyrocatechol monomethyl ether, 217 
Pyroligneous acid, 234 
Pyrolusite, 94 
Pyromucic acid, 250 
Pyrophyllite, 106 


Pyroxylin, 287 
lacquer, 287 
scrap, 288 
shavings, 288 

Quality designations. See grade 
designations 
Quarterboard, 458 
Quarter-second nitrocellulose, 288 
Quartz, crystals, 159 
sand, 159 

Quassia, bark, 363 
chips, 363 
Jamaica, 363 
Surinam, 363 
Quebracho extract, 388 
Q)uccn of tl)c meadow, 382 
root, 382 
Queens rrH)t. 378 
Quercitron extract, 389 
Quicklime, 29, 73 
Quicksilver, 141 
Quillay, 363 
Quince seed, 364 
Quinine, 399 
arsenate, 399 
arsenite, 399 
hisulfate, 399 
citrate, 399 
dihydrohrr)mide, 399 
ferrocyanide, 399 
formate, 399 
glycerophosphate. 399 
hydrochloride. vW 
In drochlorosullate, 399 
hydroiodide. 39^) 
hypophosphite. 399 
phosphate, 399 
>al icy late, 39^) 
siilfocarholate, 399 
tannate, 399 
tartrate. 399 
valerate, 399 

Quinine-urea hydrochloride, 399 
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Quinidine, 400 
sulfate, 400 
Quinol, 218 
Quinoline, crude, 174 

Rabbit glue, 474 
2R Acid, 251 
Rag paper, 459 
Raked oil. 314 
Rape oil, 312 
Rapeseed, 363 
Raix^seed oil, 312, 317 
blown, 312 

Raspberries, dried, 354 
Raw sienna, 113 
Realgar, 119 

Rectified oil of turpentine, 422 

Red, Persian, 136 

Red copper oxide, 125 

Red iron oxide. 111 

Red lead, 134 

Red mercuric iodide, 144 

Red mercuric oxide, 142 

Red mercury sulfide, 143 

Red oil, 239 

Red oxide, 111 

Red pepper, 349 

Red phosphorus, 157 

Red potassium prussiate, 54 

Red precipitate, 142 

Red rose lake, 342 

Red sandalwof>d. 359 

Red saunders wo<kI. 359 

Red squill. 358 

Rerluced chrcmie green. 137 

Reduced colors, nature of, 339 

Reduced iron. 111 

Refined grade, meaning of, 2 

Refiners' sirup, 468 

Re-formed gasoline, 186 

Refractive index of essential oils. 

table of, 427, 428, 429 
Refractive index of fats, meaning of, 
299 

Refrigerant, 485 


Rennet casein, 478 
Resin, bard copal, 435 
Resin guaiac, 436 
Resin-impregnated paper, 450 
Resin podophyllum, 438 
Resins, modified natural, 454 
natural, nature of, 430 
rubber, 454 
Resins synthetic, 450 
alkyd, 452 

coumarone-indcnc, 453 

glyptal, 452 

molding, 450 

petroleum, 454 

phenol-formaldehyde, 451 

phtbalic-glyceride, 452 

polystyrene, 454 

urea-formaldehyde, 452 

\arnish, 450 

vinyl, 453 

Resin varnishes, 430 
Resolvent, 485 
Resorcin, 216 
Resorcinol, 216 
Rcuni(4, 207 
Revolite, 452 
Rczyls, 452 
Rhataii) root, 377 
Rheum, 370 
Rheumatic, 485 
Rhodinol, 207 
Rhodinol acetate, 278 
Rhodinol butyrate, 278 
Rhodined formate, 278 
Rhodium oil, 409 
imitation, 409 
Rhubarb, 370 
Rhuskhus oil, 415 
Rice hull ash, 49 
Rice starch, 463 
Ricinoleic acid, 240 
Ricinus od, 313 
Rochelle salt, 57 
Rock salt, 37 
Roll sulfur, 155 
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Rose-flower oil, 412 
Rose flowers, 361 
Rose Kcranium oil, 412 
Rosemary, flt^wers, 361 
leaves, 361 

Rosemary oil, 423, 429 
artificial, 423 
Rose odors, 406 
Rose oil, 412, 428 
absolute, 412 
imitation, 413 
Rose water, 393 
Rosewood oil, 409 
Rosin, Rum, 434 
oil. 238 
wood, 435 
Rottenstone, 160 
RouRe. 112 
R Salt, 63 
Rubber, 443 
cements, 184 
chU)rinated. 455 
guasule, 445 
bard, 444 
hevea, 444 
latex, 443 
plantation, 444 
reclaimed. 444 
reidacents. 455 
resin, 454 
solvent, 184 
substitute, 311 
\sild, 444 
Riilx'facient, 485 
Ruby wood, 359 
Rue, 386 
oil, 419, 429 
Rum, 197 
Rumex, 379 
Rutile, 147 
Rye whiskey, 197 

Sabadilla seed, 358 
Saccharin. 265 
S Acid, 251 


SAE values for oil, meaning of, 188 
Safety solvent, 185 
Safflower, 386 
SafTron, Indian, 347 
Saffron flowers, 355 
Safrol, 325 
Sage, 356 
oil. 411, 428 
Sago, 463 
flour, 463 
Sal ammoniac, 65 
Salicin, 326 
Salicylaldebyde, 224 
Salicylic acid, 245 
Salicylic aldehyde, 224 
Salmon oil, 314, 316 
Salol, 290 
Sal soda, 33 
Salt, 37 
cake, 35 

double nickel, 91 
Epsom, 87 
G. 63 
R, 63 

Schaeffers’, 63 
single nickel, 91 
Saltpeter. 50 
lime, 78 
Salvia, 356 
oil, 411 
Sand. 159 
acid, 14 
monozite, 148 
Sandalwood, red, 359 
Sandalwood oil. 410 
Australian, 410. 428 
East Indian, 410, 427 
West Indian. 410, 428 
Sanguinaria, 374 
Santonin, 250 

Saponification value of fats, mean¬ 
ing of, 299 
Saponin, 327 
Sardine, meal, 481 
oil, 314, 316 
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Sarsaparilla root, 350 
Central American, 350 
Honduras, 350 
Jamaica, 350 
Mexican, 350 
Sassafras, bark, 351 
root, 351 

Sassafras oil, 414, 428 
artificial, 414 
Satin spar, 74 
Satin white, 74 
Saunders wood, red, 359 
Savin oil. 413, 428 
Savory, 356 
oil, 414 

Saw-palmetto, berries, 384 
oleoresin, 384 
Saxony blue. 92 

Saybolt viscosity, meaning of, 180 
Scabroot. 376 
Scale wax, 191 
Scammony root, 372 
Scarlet-ink lake, 341 
Scarlet-ink toner. 341 
Schaeffer’s salt, 63 
Scheelite, 145 
Schoelkopf’s acid, 251 
Schoenite, 51 
Scopolamine. 401 
hydrobromide, 401 
Scotch whiskey, 197 
Scullcap, 387 
Seal oil, 304, 316 
Sea onion, 358 
Sea parsley, 410 
root, 377 
Sea sand, 159 
Sebacic acid, 244 
Secondary ammonium phosphate, 66 
Secondary butyl acetate, 277 
Secondary calcium phosphate, 77 
Secondary compounds, meaning of, 
166 

Secondary sodium phosphate, 41 
Sedative, 485 


Seidlitz mixture, 243 
Seidlitz powder, 243 
Semidrying oils, 298 
Seneca snakeroot, 378 
Senega root, 378 
Senna, 372 
pods, 372 

Sequestration of calcium, 42 
Serpentaria, 370 
Serpentine aslx^stos, 87 
Sesame oil, 308, 317 
Shark-liver oil. 315, 316 
Shark oil, 315 
Shea butter, 306, 317 
Sheep dip, 213 
Sheet mica, 107 
Shellac, 433 
bleached, 434 
refined. 4v34 
varnish, 434 
Sherry, 197 
Shingle-stain oil, 177 
Sialagoguc, 485 
Sienna, brown, 113 
burnt, 113 
raw, 113 
Silex, 159 
Silica, 158 
amorphf>us, 159 
Silicofluoric acid, 14 
Silicon di(jxidc, 158 
Silver, 139 
German, 124 
sterling, 139 
oxidized, 139 

Silver lacquer nitrocellulose, 288 
Silver nitrate, 139 
Silver nucleinate, 140 
Silver protein, 140 
Simaruha bark, 381 
Singapore copal, 433 
Single nickel salt, 91 
Single-pressed, meaning of, 3 
Skatol, 272 
Skatole, 272 
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Skin glue, 474 
Skullcap, 387 
Skunk cabbage root, 378 
Slaked lime, 28 
Slate. 107 
flour, 107 
Slippery elm, 373 
Sloe berries, 354 
Smalt. 92 
black. 92 
Smitbsunite. 97 
Snaker(K)t, 370 
Texas, 370 
\ irginia, 370 

Snakeroot oil. Canada, 410, 427 
Snakeweed. 387 
Soap, 57 
ammonium, 08 
Castile, 59 
green, 00 
green bar, 310 
hard, 57 
magnesium. 89 
mottled, 59 
neutral, 57 
olive oil. 59 
potassium, 60 
powdered. 59 
S(Klium, 57 
tallow cbij). 57 
Soapbark, 363 
Soapstone, 88 
S(Kla, 32 
alum, 105 
ash, 33 
baking. 34 
calcine<l, 33 
lye. 23 

meaning of, 32 
monohydrate, 33 
spar, 106 
soap, 57 
pulp, 457 
Sodium, 32 
Sodium abictate, 60 


Sodium acetate, 55 
Sodium acid carbonate, 34 
Sodium acid chromate, 45 
Sodium acid fluoride, v38 
Sodium acid silicate, 43 
Sodium acid sulfate, 35 
Sodium acid sulfite, 36 
Sodium alginate, 63 
Sodium alkyl sulfates, 60 
Sodium n//>/ia-naphthylamine sulfon¬ 
ate, 63 

Sodium alum, 105 

Sodium aluminum sulfate, 105 

Sodium antimunate, 45 

Sodium arsenate. 44 

Scwlium arsenite, 45 

Sodium barbital, 258 

Sodium barbitone. 258 

Sodium benzoate, 61 

Sodium bicarbonate, 34 

Sodium bichromate, 45 

Sodium bifluoride. 38 

Sodium bisulfate, 35 

Sodium bisulfite, 36 

Sodium borate, 46 

Sodium bromide, 38 

Sodium cacodylate, 61 

Sodium carbonate, 33 

Stxlium cblorale, 39 

Sodium chloride, 37 

Sodium chromate, 46 

Sodium citrate, 56 

St)dium cyanide, 43 

Sodium dichromate, 45 

Stxlium dieth\Ibarbitrate. 258 

Sodium diethylmalonyl urea, 258 

Sodium dioxide, 32 

Sodium diuranate, 148 

Sodium ferrocyanide, 44 

Sodium fluoride, 38 

Sodium fluosilicate, 38 

Sodium glycerophosphate, 61 

Sodium hexametaphosphate, 42 

Sodium h\ drate, 23 

Sodium hydrosulfite, 37 
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Sodium hydroxide, 23 
relative cost of, 27 
Sodium hypochlorite, 39 
Sodium hypophosphite, 42 
Sodium hyiK)sulfite, 37 
Sodium iodate, 39 
Sodium iodide, 38 
Sodium lauryl sulfate, 60 
Sodium metaarsenite, 45 
Sodium metahisulfite, 36 
Sodium metanilate, 02 
Sodium inetaphusphate. 42 
Sodium metasilicate, 42 
Sodium molylKlate. 47 
Sodium monoxide, 33 
Sodium naphthenate, 63 
Sodium naphthionate. 63 
Sodium nitrate. 40 
Sodium nitrite. 40 
Sodium oleate, 58 
Sodium ()r//io-chlorotoluene-/>rtra- 
sulfonate, 02 

Sodium orthophosphate. 40 
Sodium orthosilicate, 42 
Sodium oxalate, 56 
Sodium oxide, 33 
Sodium palmitate, 58 
Sodium perbijrate, 46 
Sodium peroxide, 32 
Sodium phenolsulfonate, 62 
S<xlium phosphate, 40 
Sodium picramate, 62 
Sodium potassium tartrate. 57 
So<lium prussiate, yellow, 44 
Sodium pyroantimonate, 45 
Sodium pyrophosphate, 41 
S(xlium ricinoleate, 00 
Sfxlium salicylate, 62 
Sodium sesquisilicate, 42 
Sodium silicate, 42 
Sodium silicofluoride, 38 
Sodium soap, 57 
Sodium stannate, 46 
Sodium stearate, 57 
Sodium sulfanilate, 62 


Sodium sulfate, 34 
Sodium sulfate decahydrate, 34 
Sodium sulfide, 37 
Sodium sulfite, 35 
S(xiium sul focarbolate, 62 
Sodium sulfocyanide, 44 
Sodium sulforicinoleate, 60 
S(Klium tetralxirate, 46 
Stxlium thiocyanate, 44 
Sodium thiosulfate, 36 
Sodium tungstate, 47 
Sodium veronal, 258 
Sod oil, 315 
Soft water, 161 
Soft-wood charcoal, 151 
Soja lH‘an oil. vl()8 
Solder. 122 

Solubility, meaning of, 4 
Soluble blue, 116 
Soluble cotton, 288 
Soluble starch. 464 
Solvent alcohol, special, 198 
Solvent naphtha, 177 
Sorbit. 205 
Sorbitol, 205 
Sorrel cements, 86 
Soudan coffee. 383 
Soya bean oil, 308. 317 
Soybean, oil, 308. 317 
proteins, 479 
So>oil. 308 
Spanish Hies, 387 
Spanish oxide, 112 
Spar, heavy. 8,^ 

Sparteine, 403 
sulfate, 403 
Spearmint, 352 
oil, 417, 428 

Specific gravity, meaning of, 3 
Specific gravity of essential oils. 

table of, 427, 428, 429 
Specific gravity of fats, meaning of, 
299 

S|)ermaceti, 320, 321 
vegetable, 319 
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sperm oil, 320, 321 
Sperm whale oil, 320 
Sperrylite, 145 
Sphalerite, 98 
Spigelia, 377 
Spigcline, 377 
Spikenard, 378 
Spindle oil, 188 
Spirit of ethyl nitrite, 285 
Spirits of salt, 12 
Spirit varnish, 430 
Spirit vinegar, 232 
Spinant, 485 
Split oils, 240 
Spotted cowhane, 367 
Spray lime, 30 
Spruce extract, 3W 
oil. 422, 429 

Spruce-sulfite extract, 390 
Squaw vine. 382 
Squill, red, 358 
white. 358 
SS Acid, 251 
Stannic acid, 123 
Stannic chloride, 123 
Stannic oxide, 122 
Stannous chloride, 123 
Stannous oxide, 123 
Staiihisagria, 358 
Starch, 461 
cassava, 464 
chlorinated, 464 
corn, 462 
iodide, 464 
laundry, 463 
oxidized. 464 
l)earl, 463 
potatt), 462 
raw, 4t)3 
rice, 463 
soluble, 464 
tapioca, 464 
thick-hoiling. 463 
thin-boiling, 464 
Slavesacre seed, 358 


Steamed bone meal, 77 
Stearic acid, 239 
Stearin, 300, 316 
cottonseed, 307, 317 
oleo, 300, 316 
pitch, 191 
vegetable, 296 
Steel. Ill 

Sterilize, meaning of, 209 
Sterling silver, 139 
Sternutic, 485 
Stibnite, 120 
St. Ignatius’ beans, 365 
Stillingia, 378 
Stillingine, 378 
Stimulant, 485 
St. John’s bread. 364 
St. John’s wort, 382 
Stoddard sidvcnt, 185 
Stomachii', 485 
Stuneroot, 378 
Sturax, 447 
American, 447 
Levant, 447 

Straight-chain comiHJunds, naming 
of, 164, 165 

Straight-run gasoline, 186 
Stramonium, 3(>8 
seed, 368 

Strawberry aldehyde, 222 
Strontianite, 84 
Strontium, 84 
Strontium bromide, 85 
Strontium carbonate, 84 
Strontium iodide, 85 
Strontium nitrate, 85 
Stroi)hanthin, 488 
Strophanthus seeds, 367 
Strychnine, 398, 488 
acetate, v^98 
arsenate, 398 
arsenite, 398 
glycerophosphate. v^98 
hydrochloride, 3‘\8 
hyiKjphosphitc, 398 
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Strychnine, nitrate, 398 
phosphate, 398 
sulfate, 398 
Styralyl acetate, 280 
Styrax, 447 
Styrene, 178 
mcta-, 178 
Styrol, 178 
Suakin gum, 432 
Sublimed blue lead, 135 
Substantive dyes, 329 
Succinic acid, 244 
anhydritle. 244 
Sucrose, 465 
Sucrose octaacetate, 279 
Sudorific. 485 
Sugar, 465 
beet, 465 
cane, 465 
caster, 468 
centrifugal, 466 
corn, 469 
granulated, 467 
grape, 469 
irnert. 469 
maple, 468 
milk, 469 
plantation, 467 
pulverized, 458 
raw, 466 
refined, 467 
soft, 468 

Sugar coloring, 338 
Sugarhouse molasses, 460 
Sugar of lead, 138 
Sulfanilic acid, 247 
Sulfate pulp, 457 
Sulfates, organic, meaning of, 231 
Sulfite pulp, 457 
Sulfocarbanilide, 269 
Sulfonal, 292 
Sulfonated castor oil, 252 
Sulfonated neats foot oil, 253 
Sulfonaphthenic acids, 250 
Sulfonated oils, 252 


Sulfonated olive oil, 253 
Sulfonated tallow, 253 
Sulfonation, 252 
Sulfonethylmethane, 293 
Sulfonic acids, meaning of, 231 
Sulfonmethane, 292, 487 
Sulfur. 155 
flowers of, 155 
flour, 155 
precipitated, 155 
roll, 155 
vegetable, 364 
Sulfurated lime, 74 
Sulfurated oil of turpentine, 422 
Sulfur chloride, 156 
Sulfur dioxide, 12, 156 
Sulfur dyes, 330 
Sulfur flour, 155 
Sulfuric acid, 9 

factor to calculate cost for anhy¬ 
drous acid, 11 
fuming, 11 
Sulfuric ether. 322 
Sulfur monochloride, 156 
Sulfur oil, 310 
Sulfurolls acid, 12 
Sulfur oxychhjride. 157 
Sulfuryl chloride, 156 
Sumac, bark. 360 
berries, 359 
extract, 389 
leaves. 360 
leaves, ground, 360 
wax, 305 

Sumach. See sumac 
Sumbul, 377 
Summer oil. 296 
Summer savory, 356 
Sunflower (jil, 311, 317 
Sunflower seed, 363 
Superphosphate, 77 
Sweet almond oil, 313, 317 
Sweet basil oil, 417, 428 
Sweet-birch oil, 419 
Sweetflag, 353 
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Sweet marjorum, 355 
Sweet oil, 310 
Sweet orange oil, 426 
Sweet orange peel, 354 
Swordfish-liver oil, 315 
Sylvanile, 140 
Synthetic iron oxide, 112 
Synthetic niuguet, 223 
Synthetic musk, 270 
Synthetic resins, 450 
alkyd, 452 

coiimarone-indene, 453 
glyptal, 452 
molding, 450 
petroleum. 454 
phenol-formaldehyde. 451 
phthalic-glyceride, 452 
IX)1> styrene. 454 
urea-formaldehyde, 452 
varnish. 450 

Syrup of toll! balsam, 448 

Table of constants for animal fats 
and oils, 316 

Table of constants for essential oils, 
427, 428, 420 

Table of constants for fisb oils and 
fish-liver oils, 316 

Table of constants for vegetable fats 
and oils, 317 

Table of constants of waxes, 321 
Talc, 88 
Talco gum. 432 
Talcum powder, 89 
Tall oil, 237 
Tallol, 237 
Tallow, animal, 299 
beef, 299 
llorneo, 306 

Chinese vegetable, 306, 317 
chip soap, 57 
constants for, 316 
mutton, 299 
oil. 303 

sulfonated, 253 
Tamarind, 384 


Tannic acid, 248 
Tannin, 248 
Tansy leaves, 382 
oil, 418, 428 
Tapioca, 464 
flour, 464 
starch, 464 

Tar-acid oils, 174, 213 
Tar acids, 213 
Taraxacum, 375 
Tar creosote, 213 
Tar oil, 214 
birch, 215 
rectified, 214 
Tarragon oil, 411, 428 
Tartar emetic, 121 
Tartaric acid, 243 
Tea, 346 
oil, 310 
Teal oil, 308 
Teaseed oil, 310, 317 
Technical grade, meaning of, 1 
Tellurium lead. 133 
Temperatures, usage of, 4 
Tenafuge, 485 
Terebene, 179 
Terpenes, 408 
Terpine hydrate, 206 
Terpineol, 207 
alpha-, 207 
Terpinyl acetate, 278 
Terra alba, 74 

Tertiary calcium phosphate, 77 
Tertiary compounds, meaning of, 
166 

Tertiary sodium phosphate, 41 
Tetrachloroethane, 170 
Tetrachloroethylene. 169 
Tetraethyl lead, 137 
Tetraethyl orthosilicate, 285 
1,2,3,4-Tetrahydronaphthalene, 178 
Tetralene, 178 
Tetralin, 178 

Tetramethyldiaminobenzophenone, 

230 

Tetrasodium pyrophosphate, 41 
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Thallium sulfate, 149 
Theobromine. 405 
sodiosal icy late. 405 
Thin-boiling starch, 464 
Thiocarbanilide, 269 
Thiokol, 455 
Thiourea, 258 
Thorium nitrate, 149 
Thorn apple, 368 
Thyme, 356 
Thyme oil, 413 
French, 413, 428 
German, 413, 428 
wild. 413, 428 
Thymol, 215 
Thymol imlide, 216 
Thyroid. 488 
Tiglium oil, 312 
Timlx) root. 357 
Tin. 122 
block, 122 
can. 122 
crystals. 123 
salt, 123 

Tincture, meaning of, 197 
of benzoin, 437 
Of green soap. 61 
of i< Kline, 154 
of tolu balsam, 448 
Tin oxide, 122 
Tin tetrachloride. 123 
Titanic acid anhydride, 147 
Titanium dioxide. 146 
Titanium potassium oxalate. See 
potassium titanium oxalate 
Ti-tree oil, 306 
TNT. 176 
Tobias’ acid, 251 
Tokay, 197 
Tolidinc base, 268 
Tolu balsam. 448 
syrup of, 448 
tincture of, 448 
Toluene, 176 
industrial pure, 176 
nitration pure, 176 


Toluene nr//io-sulfonic acid, 248 
Toluene substitute, 184 
/^-Toluene sulfonamide. 265 
/’-Toluene sulfonanilide, 266 
a-Toluic acid, 246 
Toluidine, mixed, 269 
ortho-, 269 
para-, 269 
Toluidin toner. 341 
Toluol. Sec toluene 
Tolylaldehyde. 224 
m-Tolylenediarninc, 269 
Toner. 330 

Toners, nature of, 339 
orange. 342 
Tonga vine. 381 
Tongine. 381 
Tonka beans, 352 
Tornesitc. 455 

Trade names and chemical names, 
usage of. 4 

Tragacanth mucilage, 431 
Tragasol, 365 
Train oil. 304 
Transformer oil, 189 
Treacle. 4^)8 
Triacetin, 279 

Triammonium phosphate, o6 
Triamylamine, 256 
Triamyl borate, 284 
Tribasic calcium phosphate, 77 
Tribasic stxlium phosphate, 41 
Tribut> lamine, 256 
Tributy! citrate, 284 
Tributyl f)h*)spliate, 284 
Tricalcium arsenate, 80 
Tricalcium f)hosphate. 77 
Tricalcium silicate, 79 
Trichloracetic acid. 235 
Trichloroacetic acid, 235 
Trichlorol)enzene, 165, 176 
Trichloroethylene, 169 
Trichloronitnjfnethane, 254 
Tri comiK)unds, meaning of, 166 
Tricresyl phosphate, 292 
Triethanolamine, 256 
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Triethanolamine oleate, 283 
Triethanolamine stearate, 283 
Triethylcne glycol, 2()4 

1.3.5, -Trihydrox\ benzene. 218 

3.4.5, -Trihydr()xyl)enzoic acid, 248 
Trihydroxyethylamine oleate, 283 
Trihydroxycthylaniine stearate, 283 
Trillium r(X)t, 374 
Trimethylaminc, 255 
2,4,6-Trinitrophcnol, 263 
Trinitrotoluene, 176, 269 
Trional, 293 

Trii)henylguanidine, 259 
Triphenyl phosphate, 292 
Triple-pressed, meaning of, 3 
Tripoli, 16D 

Trisodium phosphate, 41 
Triticum, 375 
Trumpet weed, 382 
Tul>erose oil. 421, 429 
1'una-liver oil, 315 
Tung oil, 307, 317 
Tungstated brilliant green, 137, 343 
Tungstated emerald green, 137, 343 
1'ungstated peacock blue, 343 
Tungstated V^ictoria blue, 343 
Tungsten. 145 
Tungsten lakes. 343 
Tungstic acid, 21. 146 
Tungstic oxide, 21. 146 
Turkey brown, 112 
Turkey-red oil, 252 
Turke> umlH*r, 112 
Turkish geranium oil, 413 
Turmeric root. 347 
Turpentine. 422 
larch, 449 
oil, 422, 429 
substitute, 185 
\ enice, 449 
Turtle oil, 305. 316 
Tuscan oxide. 112 
Tuscan red, 112 
Type metal, 122 
Twitchell, process, 239 
reagent, 239 


Ultramarine blue, 107 
imitation, 107 
Uml>er, brown, 112 
burnt, 112 
Turkey, 112 
yellow, 113 
Undecalactone, 249 
Undecyl alcohol, 202 
Undecyl aldehyde, 222 
Undecylic alcohol, 202 
Undecylic aldehyde, 222 
Unicorn rrK)t, 378 
false, 378 

Unsaponifiable matter in fats, 299 
Unyte, 453 
Uranium oxide, 148 
yellow. 148 
Urea, 258 

I’rea-ammonia liquor. 28 
Urea-formaldeh\ de resins, 452 
Urotropin. 259 
Ursol 1). 207 

U. S. caustic i)oison act, 482 
Uses, usage of, 5 
I'.S.P., meaning of, 1 
I’va ursi leaves, 373 

Vanadic acid, 21 

\ anadium oxide. Sec vanadic acid 
\'anadium pentoxidc, 21. See also 
\anadic acid 
\’andyke brown, 113 
X'alerian, American, 377 
\’alerianic ether. 282 
\ alerian oil, 414 
European, 414, 428 
Japanese, 414, 428 
X'alerian root, 370 
\'alonia. 359 
beards, 359 
cups. 359 

Vanilla, beans, 351 
extract. 351 
wild. 302 

\’anillic aldehyde, 225 
\'anillin, 225 
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452 

Varnishmakers’ and painters’ naph¬ 
tha, 184 

\'arnish resins, 430 
\'aseline, 189 
Vat d\es, 330 
X'egetahle glues, 464 
\’egetable mercury, 377 
\’egetable pepsin, 394 
Vegetable potash, 63 
Vegetable six'rmaceti, 319 
\ egetable stearin. 296 
Vegetable sulfur, 364 
\ enice turpentine, 449 
artificial, 449 
Wrbena oil, 415, 428 
Indian, 415 
\'erdigris, 127 
Vermifuge, 485 
\'^ermilion, 143 
\’eronal, 258 
s(Klium, 258 
Vesicant, 485 
\ etiver oil, 415 
Hourbon, 415 
Java, 415. 428 
Reunion, 415, 428 
X’etivert oil, 415 
\ ictoria blue-ink toner, 343 
Vine black, 151 
\'inegar, 232 
acid, 232 
beet root, 232 
double, 232 
malt, 232 

fjuick process, 232 
salts, 80 
spirit, 232 
tarragon, 232 
wine, 232 
\'inylbenzene, 178 
Vinylite, 453 
\'inyl resins, 453 
Violet oflors, 406 
Violet ketone, 228 


Violet oil, 421 
Viscose, 460 

Viscosity index of oils, meaning of, 
188 

Viscosity, meaning of, 4 
meaning of Saybolt, 180 
X’itamin C, 251 
V M and P naphtha, 184 
Volume, meaning of as applied to 
concentration, 3 
Vulcanization accelerators, 444 
Vulcanized oil, 311 
X'ulneric, 485 

Wahoo-root bark, 381 
\Vah(K)-trec bark, 381 
Walnut-brown crystals, 338 
Walnut oil, 313, 317 
Washed linen paper, 459 
Washing soda, 33 
Water, 160 
soft, 161 

moderately hard, 161 
very hard, 161 
Water flag, 374 
Water gas, 152 
Waterglass, 43 

Water crystallization, meaning 
of, 2 

Water of hydration, meaning of, 2 
Wattle bark, 359 
extract, 390 

VV'axes. b'or specific waxes see the 
individual name 
Waxes, nature of, 318 
constants for, 321 
Whale oil, 304, 316 
sperm, 320 

Wheat germ oil, 314, 317 
Whiskey, 197 
bourlnm, 197 
corn, 197 
Irish, 197 
rye, 197 
Scotch, 197 
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White antimony pigment, 120 
White arsenic, 19 
White cast iron, 111 
White cement, 79 
White flag, 361 
White gold, 140 
White grease, 301 
White lead, 135 
flake, 135 
White metal, 122 
White mineral oil, 189 
White oil. 189 
White-pine bark, 381 
rossed, 381 

White phosphorus, 157 
White precipitate, 143 
White squill, 358 
White vitriol, 97 
Whiting, 72 
chalk, 72 
limestone, 72 
precipitated, 72 
Wild cherry hark, 352 
Wild ginger, 378 
Wild marjorum oil, 410 
Wild vanilla, 362 
Wild woodbine, 376 
Willemite, % 

Willow charcoal, 151 
Windflower, 386 
Wine. 197 

Witch-hazel, bark, 351 
extract, 393 
leaves, 351 

Wintergreen-leaf oil, 418 
Wintergreen oil. 418, 428 
synthetic, 418, 429 
Winter oil, 2% 

Witherite. 82 
Wolframic acid, 21 
Wolframite, 145 
Wolfsbane, 366 
WtKid, flour, 458 
pressed, 458 
processed, 458 


pulp, 457 
waste, 458 
Wood alcohol, 195 
Woodbine, wild, 376 
Wood creosote, 213 
Wood oil. 307 
Wood rosin, 435 
Wood spirit, 195 
Wood-tar pitch, 173, 191 
Wo(k1 turpentine, 422 
Wool grease, 302 
refined, 303 
Wool substitutes, 479 
Wormseed, 368 
American, 368 
levant, 368 
Wormseed oil, 411 
American, 411, 428 
Levant, 411, 428 
Wormwood, 352 
oil, 418, 428 
Wrought iron. 111 

Xanthoxylin, 380 

Xeuon. 163 
Xylene, 176 
5", 177 
10% 177 
substitute, 184 
Xylenols, 212 
Xylidine, 265 
Xylol. See xylene 

Yara vara, 325 
Yellow, chrome, 136 
Yellow dock, 379 
Yellow grease, 301 
Yellow iron oxide, 113 
Yellow mercurous iodide, 144 
Yellow mercury oxide, 143 
Yellow ocher, 113 
Yellow pln>sphorus, 157 
Yellow potassium prussiate, 54 
Yellowroot, 372 
Yellow sodium prussiate, 44 
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Yellow umber, 113 
Yellow uranium oxide, 148 
Yerba santa leaves, 374 
Ylang ylang oil, 409 
Bourbon, 409 
cananga, 409, 427 
kananga, 409 
Madagascar, 409 
Manila, 409. 427 
Yohimbine. 404 
hydrochloride, 404 

Zea. 387 
Zeolite. 161 
Zinc, 96 
dust, 96 
granular, 96 
mossy, 96 
Zinc abietate, 100 
Zinc ammonium chloride, 98 
Zinc arsenate, 9 ^) 

Zinc arNcnite, 99 
Zinc basic carbonate, 97 


Zincblende, 98 
Zinc carbonate, 97 
basic, 97 

Zinc chloride, 98 
Zinc chromate, 99 
Zinc cyanide, 99 
Zinc fluoride, 99 
Zinc icxlide, 99 
Zinc-iron oxide, 97 
Zincite, 96 
Zinc oxide, 96 
leaded, 97 

Zinc palmitate, 100 
Zinc phenolsulfonate, 100 
Zinc resinate, 100 
Zinc stearate, 99 
Zinc subcarbonate, 97 
Zinc sulfate, 97 
Zinc sulfide, 98 
Zinc sulfocarbolate, 100 
Zinc yellow, 99 
Zirconium nitrate, 147 
Zirconium oxide, 147 






